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PREFACE. 



r I iHE following work has been prepared to meet the 
wants of the Author, but it is hoped that it will be 
of service not only to other teachers of Astronomy but also 
to the general scientific reader. 

The book is intended to present, in a compact and popu- 
lar form, all the facts and principles of the science that are 
needed in a general course of collegiate education. To this 
end, mathematical formulas and demonstrations have been 
avoided as far as possible, and when it has been deemed 
ailvissble to introduce them, they have been made incon- 
spicuous by putting them in smaller type. If these sub- 
ordinate paragraphs are omitted, it will be found that the 
remaining ones form a continuous treatise on Astronomy, 
which is as non-mathematical in its character as is con- 
sistent with a scientific treatment of the subject. 

It will be found that the order of arrangement is some- 
what different from that which is met with in most text- 
books. The stars have been treated of in a general way 
before any detailed consideration has beeu ^"s^xi \»^ \5okfe 
solar system ; the descriptiouB oi malroLTaaxL\& \iw^ \3Rfc\1 
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scattered through the book, no instrument being described 
until its use is indicated in the general development of the 
course ; an effort has been made to distribute the defini- 
tions of terms so that they shall receive immediate illus- 
tration from the context; and, finally, the various subjects 
considered have been arranged in what seems to be a 
natural and consequently a logical order. It is believed 
that all the changes that have been made are of such a 
character aa to secure the early and the continued atten- 
tion of the student. 

The author takes great pleasure in acknowledging his 
obligations to Prof. J. K. Rees, Director of the Colum'bia 
College Observatory, whose long experience as a teacher of 
Astronomy has enabled him to render much valuable assist- 
ance in the preparation of this work. 



Columbia College, 
September, 188S, 






Ill; 

I I ' 



GENERAL CONTENTS. 



PAOI 
L— PSBLIMIKART PRINCIPLES 7 

II.— Op the Stabs : 27 

III. — The Solar System 59 

IV.— The Earth 78 

v.— The Moon .. 117 

VI. — The Sun and Planets 135 

VII.— Eclipses 175 

Vni.— Op Tides 197 

IX — Op Calendars 210 

X.— Planets and Satellites 225 

XI. — Comets and Meteors 270 

xn.— Thb Sun and the Stabs 313 



ASTRONOMICAL SIGNS 



1°. Signs of the Zodiac. 



^ 


Aries. 


a 


Leo. 


t 


Saggitarius. 


» 


Taurus. 

• 


w 


Virgo. 


>f9 


Capricornus. 


n 


Gemini. 


-/^- 


Libra. 




Aquarius. 


S3 


Cancer. 


^ 


Scorpio. 


X 


Pisces. 



2"". Signs of the Sun and Planets. 



The Sun. 
^ Mercury. 
? Venus. 



e The Earth. 
S Mars. 
2f Jupiter. 



b Saturn. 

^' or 6 Uranus. 

f Neptune. 



3"*. Signs of Position. 

Q Ascending Node. 6 Conjunction. 
(3 Descending Node. 8 Opposition. 



a Quadrature. 



THE GREEK ALPHABET. 



a 



7 
6 

€ 



Alpha. 

Beta. 

Qamma. 

Delta. 

Epsilon. 

Zeta. 



e 

I 

K 

X 



Eta. 

Theta. 

Iota.. 

Kappa. 

Lambda. 

Mu. 



V Nu. 

f Xi. 

o Omicron. 

TT Pi. 

p Bho. 

a Sigma. 



r Tau. 

V Upsilon, 

Phi. 

X Chi. 

V^ Psi. 

w Omega. 



ASTRONOMY. 



I. PRELIMINARY PRINCIPLES. 

The Heavenly Bodies. 

1. All space is filled with an imponderable substance that I \ 
we call ether. 

This substance constitutes the medium that transmits 
light, by means of which alone we derive all our knowledge 
of objects external to the earth. 

Scattered through this boundless ocean of ether are 
myriads of bodies, of which our earth is one, and these are 
called the heavenly bodies. 

Some of the heavenly bodies are larger than the earth, 
and some are smaller ; some shine by their own light, and 
some by reflected light ; some are solid, and some are gas- 
eous ; but we have reason to believe that they are all in 
motion. The most important of the heavenly bodies are : 
the sun ; the planets, of which our eai'th is one ; the sat- 
ellites, of which the moon is one ; the comets ; the fixed 
stars ; and the nebulae. 

The sun, the fixed stars, and the nebulae are incandescent, 
and shine by their own light ; the planets «k.\xd t\i^ ^aXi^^\«?^ 
are dark bodies, and shine by reftecteflL\\^\i% 
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Definition of Astronomy. 

2. Astronomy is the science that treats of the heavenly 
bodies. 

Its object is to determine the distances, forms, and mag- 
nitudes of the heavenly bodies ; to explain their motions, 
both real and apparent ; and to investigate, as far as possi- 
ble, their physical conditions. It also embraces an explana- 
tion of the methods of applying the principles of the science 
to the wants of society. 

The Celestial Sphere. 

3. All the heavenly bodies outside of our earth appear as 
though they were fixed on the concave surface of an im- 
mense hollow globe; this surface is called the celestial 
sphere. 

The heavenly bodies are in reality at very different dis- 
tances from us, and the places they seem to occupy are sim- 
ply the points where visual rays drawn through them meet 
the celestial sphere. This surface, on which the heavenly 
bodies are projected by the eye, is purely imaginary, and it 
has been found convenient for the purposes of the astrono- 
mer, to regard its radius as infinite. This supposition ena- 
bles us to consider the centre of the celestial sphere as being 
either at the centre of the earth, or at the centre of the sun, 
inasmuch as the distance of the sun from the earth is insig- 
nificant in comparison with the assumed radius of the celes- 
tial sphere. 

It will be shown hereafter that the shape of the earth is 
ellipsoidal, but for the purposes of description we shall re- 
gard it as spherical, and in most cases we shall regard its 
centre as the centre of the celestial sphere. 

Diurnal Motion. 

4. The entire celestial sphere appears to revolve daily 
"om east to west, turning around an axis that passes 
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through the ceotre of the earth. In consequence of this 
apparent rotation, each of the heavenly bodies appears to 
move in a circle whose centre is in the axis of revolution 
and whose plane is perpendicular to that axis. This appar^ 
efU rotation of the heavens is called the diurnal motion ; 
the line about which it appears to take place is called the 
axis of the celestial sphere ; and the circles in which the 
heavenly bodies seem to revolve are called diurnal circles. 

The diurnal motion, which is only apparent, is due to the 
actual rotation of the earth from west to east about an 
axis which always maintains a sensibly fixed direction in 
space. The axis of the celestial sphere is therefore the axis 
of the earth prolonged to the heavens. The points in which 
this line meets the surface of the earth are called the poles 
of the earth, and those in which it meets the heavens are 
called the poles of the celestial sphere. That pole, 
either of the earth or of the heavens, which is the nearer to 
an observer in this country is called the north pole, and 
the one opposite to it is called the south pole. 

It is in consequence of the diurnal motion that the sun, 
moon, and stars appear to rise in the east and set in the 
west. X 

Definitions. 

5. A vertical line is a line whose direction is indicated 
by a freely suspended plumb-line. 

Every vertical line passes through the centre of the earth, 
and consequently no two vertical lines can be parallel. 

The point in which the vertical line at any place when 
prolonged upward meets the celestial sphere is called the 
zenith of that place, and the point in which it meets the 
celestial sphere when prolonged downward is called the 
nadir of the place. 

6. A horizontal plane is a plane that is perpendicular 
to a vertical line. 

A horizontal plane through any pVace \^ e«X\aftL NJci^ ^^tj^^v 
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ble horizon of that place, and a plane parallel to it through 
the centre of the earth is called the rational horizon of the 
place. 

Because the earth's radius is insignificant in comparison 
with that of the celestial sphere, the circles in which the 
sensible and the rational horizon meet the heavens may be 
regarded as coincident, and for most purposes either one 
may be taken as the celestial horizon. 

7. A vertical plane is a plane that passes through a 
vertical line, and its intersection with the celestial sphere is 
called a vertical circle. 

The vertical plane at any place which passes through the 
axis of the earth is called the meridian plane of that place ; 
its intersection with the surface of the earth is called the 
terrestrial meridian, audits intersection with the heavens 
is called the celestial meridian, or simply the meridian 
of the place. 

The terrestrial meridian of a place passes through the 
poles of the earth ; the celestial meridian passes through 
the poles of the heavens and also through the zenith and the 
7iadir of the place. 

The vertical plane which is perpendicular to the meridian 
plane is called the prime vertical. 

The intersection of the horizon by the meridian plane is 
a north and south line; the intersection of the horizon by 
the prime vertical is an east and west line. 

a The altitude of a heavenly body is its angular distance 
above the horizon, and its azimuth is the angle between the 
meridian and a vertical circle through the body. 

The zenith distance of a body is its angular distance 
from the zenith. It is the complement of the altitude. 

The altitude and the zenith distance of a body are meas- 
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ured on the vertical circle through the body ; the azimuth 
is measured on the horizon^ usually from the south point, 
around by the west through 360°. 



ExPLAXATiom. In thia flgare E is the 
centre of the earth and of the celestial 
sphere ; PP' is the axis of the earth and 
of the celestial sphere ; P and P' are the 
poles of the heavens ; EZ is a vertical 
line ; Z is the zenith and Z' is the nadir ; 
HAH' is the horizon ; PHT' is the meri- 
dian; ZSZ' is a vertical circle through 
8 ; the angle AES, measured by the arc 
AS, is the altitude of S ; th6 angle H'EA, 
measured by the arc H'A, is the azimuth 
of 8 ; and the angle ZES, measured by 
the arc ZS, is the zenith distance of S. 

9. The equator is a great 
circle of the earth, whose 
plane is perpendicular to the ^*s- 1. 
axis. If the plane of the 

equator is extended in all directions, the great circle in which 
it meets the heavens is called the equinoctial. 

The equinoctial is sometimes called the equator of the 
heavens ; it is everywhere equally distant from the poles of 
the celestial sphere. 




Illustration of definitions. 



10. The latitude of a place on the earth is its angular 
distance from the equator. 

The latitude of a place is measured on the meridian of 
that place, and is called north or south latitude according 
as the place is north or south of the equator. The latitude 
of a place is always equal to the angular distance of the 
zenith of the place from the plane of the equinoctial. The 
latitude of either pole is 90°. 



A parallel of latitude is a small circle of the earth 
whose plane is parallel to the equator. 
All places on the same parallel have t\ie aaiiia \a.\\\?oiftL'^. 
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Q^< 



P' 



Fig. 2. 



Explanation. Figrnre 2 represents 
the projection of the celestial sphero 
on the plane of the meridian of the 
place a ; PP' is the axis of the earth 
and of the heavens ; BZ is the vertical 
at a ; pqp' iu the terrestrial meridian of 
the place a ; PQP' is the celestial meri- 
dian : qq* is the projection of the eqna- 
H tor, and QQ' that of the equinoctial ; 
HH is the projection of the horizon; 
aa^ is the projection of the parallel of 
latitude through a : gEa^ equal to QEZ, 
is the latitude of a ; and P£Z, equal 
90°-QEZ, is the co-latltudc of a. 

It is to be remembered that EZ is in- 
finitely great in comparison with Ba, 
and consequently that HH is the celes- 
tial horizon of a. 



The Sun's Apparent Motions. 

11. The sun has an apparent diurnal motion like the 
fixed stars^ and in addition it has an apparent motion from 
west to east amongst the stars by virtue of which it seems 
to complete an entire circuit of the heavens in a period we 
call a year. The apparent annual path of the sun amongst 
the stars, which is a great circle of the celestial sphere, is 
called the ecliptic. 

The ecliptic retains a fixed position with respect to the 
stars, and cuts the equinoctial in two points called equi- 
noxes. The point at which the sun passes /rom the south to 
the north side of the equinoctial is the vernal equinox, and 
the point at which it passes frorn the 7iorth to the south side 
of the equinoctial is the auttunnal equinox. The sun is 
at the vernal equinox about the 21st of March, and at the 
autumnal equinox about the 22d of September. 

The term eqninoxes is applied, not only to the points as above de- 
fined, but also to the dates at which the sun passes them. A like 
application is made of the term solstices, yet to be defined. 



Tie anorje between the planes of the ecliptic and the 
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equinoctial, which is about 23° 27', is called the obliquity 
of the ecliptic, and the line in which these planes inter- 
sect is called the line of equinoxes. 

The sun's apparent diurnal motion is due, as explained 
in Art 4, to the earth's rotation on her axis. In like man- 
ner his apparent motion amongst the stars is due to an 
actual motion of the earth. The sun is the fixed body and 
the earth makes an annual revolution around him, moving 
from west to east in a path, or orbit, which determines the 
plane of the ecliptic. The sun's apparent place in the 
heavens is always on the prolongation of a visual ray dmwn 
from the earth to the sun ; hence, when the earth revolves 
around the sun from west to east, the prolongation of the 
visual ray revolves in the same way, that is, the sun appears 
to revolve in the same direction that the earth actually 
revolves, and with the same angular velocity. The ecliptic 
is therefore the great circle of the celestial sphere, in which 
the plane of the earth's orbit indefinitely extended meets 
the heavens. 

It will often be found convenient to speak of the apparent motions 
of the sun, both diurnal and annual, as though they were real ; and no 
error can result from this form of expression, if the explanations 
already given are carefully borne in mind. 



Precession of the Equinoxes. 

12. The equinoxes have a slow, but not quite uniform, 
motion from east to west along the ecliptic, that is, in a 
direction contrary to that of the sun in its annual path. 
This motion, which on an average is equal to b0".9j a year, 
is called the precession of the equinoxes. 

The precession of the equinoxes gives rise to a slow 
change in the direction of the earth's axis, by virtue of 
which the poles of the heavens circle aroxxiiSi ^uCvq^*^ <i\ "^Jwb 
ecliptic in an enormous cycle of more tYvau ^bfi^^ ^^«Wk . 
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The cause of the precession, and its effects on the aspect of the visi* 
ble heavens, will he more fdllj treated of in a subsequent article. 



Additional Definitions. 

13. The solstices are the points of the ecliptic that are 
midway between the equinoxes. The one that is north of 
the equinoctial is called the summer solstice, and the 
one that is south of the equinoctial is called the winter 
solstice. 

The solstices, which are 90° distant from the equinoxes, 
are the points of the sun's annual path that are farthest 
from the equinoctial. The sun is at the summer solstice 
about the 21st of June, and at the winter solstice about the 
21st of December. In either case its angular distance from 
the equinoctial is equal to the obliquity of the ecliptic^ that 
is, to about 23° 27'. 

14. An hour circle is a great circle of the celestial 
sphere which passes through the poles of the heavens. It 
is also called a declination circle. 

The hour circle that passes through the equinoxes is 
called the equinoctial colure, and the hour circle that 
passes through the solstices is called the solstitial colure. 

The meridian of a place is an hour circle ; that half of it 
which stretches from pole to pole and which passes through 
the zenith of the place is called its upper branch, and the 
remaining half is called its lower branch. When a hear 
only body, in its diurnal motion, appears to cross the meri- 
dian of the place of the observer, it is said to culminate. 
The passage of a body over the upper branch of the me- 
ridian is called its upper culnilnation, or its upper 
transit ; its passage over the lower branch is called its 
lower culmination, or its lower transit. The term 
culmination^ when used by itself, is understood to meai) the 
uj?per culmination. 
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The term Aour i^de q^ a bodg is frequentlj nsed in a limited sense 
to meBD t]iBt h»lf of tha hour circle whicb ezteudB from pole to pole 
uid pBsaes through the bcdj. The contest shows wbeD the term is 
used In thii sense. The term meridian la also used in the same sense. 



15. The hoiiT angle of a body is the angle between the 
meridian of the place and the hour circle of the body. 

The hour angle ia measared on the equinoctial. If the 
body is west of the upper branch of the meridian, its hour 
angle ia positive ; if the body iseast of the meridian, its hour 
angle is negative. Thus, the hour angle of tlie sun is nega- 
tive in the morning and positive in the afternoon. 



EZFLUATion. The circle QRQf le tba 
ednlBOCtUl ; P and P" ■re the poles of Lbe 
hesvens ; KVK' iB tbe ecltptlc aod T.T sie 

tamnal egiiinaJt ; K fs Ibfl summer AQd E' 
Is the winter Bolsllce -. tbe angle QEK 
meaBDTad by tbe arc QK is tbe obliqolty o! 
Ihe ecliptic ; PVP'A is the equinoctial cot 
ure; PQP'Q'is Ibe aolstitial colare; PSR 
la part of lbe boar circle of tbe bodj S; 
and Ibe anpfie QPR, measured by tbe arc 
QB, \» the hour angle of S. Tbe dirvctian 
of the imn'9 apparent aiinnsi motion la In- 
dicated br the arrow. The poktltial coiure 
pasaes through itie polee of the hesTena 
and also tbroogh the poiea of the ecliptic. 
Ths arc PT ia equal to 38° »T'. 




Right Asceasion and Declination. 

16. The right ascension of a heavenly body is the arc 
of the equinoctial included between the vernal equinox and 
the hour circle of the body. Thus, in Fig. 3 the arc VE is 
the right ascension of tbe body 8. 

Bight ascensions are reckoned from west to east^ counting 
from the vernal equinox around through the entire circle 
of the equinoctial. They may be expressed in rfegree*, mttv- 
ttfog, and seconds of angular meaaure, W\, Itst teftafma "^^ ^^ 
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be explained it is found more convenient to express them in 
hoursy minutes^ and seconds, each hour corresponding to 15° 
of arc, each minute to 15' of arc, and each second to 15" 
of arc. 

The declination of a heavenly body is its angular dis- 
tance from the plane of the equinoctial. Thus, in Pig. 3, 
the angle BES, measured by the arc BS, is the declination 
of the body S. 

Declinations are always expressed in degrees, minutes, 
and seconds of angular measure, and are reckoned on the 
hour circle that passes through the body in question. If 
the body is north of the equinoctial, its declination is re- 
garded as positive ; if it is south of the equinoctial, its 
declination is negative. 

The polar distance of a body is its angular distance 
from the north pole of the heavens. Thus, in Fig. 3, PES, 
measured by the arc PS, is the polar distance of the body S. 

The polar distance of a body is equal to 90° minus the 
body's declination. Thus, the polar distance of a body 
whose declination is +23° 27' is 66° 33', and the polar dis- 
tance of a body whose declination is —23° 27' is 113° 27'. 
From what has been explained it is obvious the sun's polar 
distance varies between the limits 66° 33' and 113° 27'. 

The right ascension and the declination of a body determine its 
position on the celestial sphere in the same way that the longitude 
and the latitude of a place determine its position on the surface of the 
earth. These elements of reference are determined by means of the 
astronomical dock and the transit circle. 



Sidereal Time. 

17. The interval between two successive culminations of 
the same star over the upper branch of the meridian of any 
place is called a sidereal day. The sidereal day is divided 
into 24 ec/ual parts called hoxirs, each hour is divided into 



PEBLIMINARY PRINCIPLES. 17 

60 equal parts called minutes, and each minute is divided 
into 60 equal parts called seconds. Time reckoned in terms 
of these units is called sidereal time. 

The sidereal day, which is assumed to be of invariable 
length, is the fundamental unit of astronomical time. The 
meridian of any place is carried from west to east with the 
earth as it turns on its axis, and setting out from any star 
its upper branch will sweep over every star of the heavens 
and return to its first position in the time required for the 
earth to turn once on its axis. Hence, the sidereal day is 
equal to the time required for the earth to revolve on its 
axis ; it is also equal to the time required for any star to 
make a complete revolution in its diurnal circle. 

The diurnal rotation of the earth takes place uniformly ; 
hence, it turns through any fractional part of 360° in the 
same fractional part of a sidereal day. It will therefore 
revolve through an angle of 15° in a sidereal hour, through 
an angle of 15' in a sidereal minute, or through an angle 
of 15" in a sidereal second. This relation enables us to 
convert angular expressions into equivalent expressions in 
time, and the reverse, operations that are often required in 
astronomical computations. 

The sidereal day used in practical astronomy begins when the ver- 
nal equinox is on the upper branch of the meridian of the place of 
observation. The practical sidereal day is therefore a trifle shorter 
than the sidereal day above described. For» while the meridian, start- 
ing from the vernal equinox, is moving eastward, the equinox itself is 
moving slowly toward the west in consequence of precession ; conse- 
quently, the meridian will meet the equinox before it completes an 
entire revolution, that is, the sidereal day in actual use is a little less 
than the time required for the earth to make a complete revolution on 
its axis. The difference; which is less than a hundredth part of a 
second^ is so small that it may be disregarded in a popular exposition 
of astronomical principles. 

From what has been said above it Aa oVm^xSk^JM^^Cw^ 
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sidereal time at which any body crosses the meridian is the 
same as the right ascension of the body expressed in time. 

The Astronomical Clock. 

18. An astronomical clock is a clock that is adjusted so 
as to keep accurate time. It differs but little from an ordi- 
nary clock except in nicety of construction. Its dial-plate, 
however, is usually divided into 24 equal parts, and its 
mechanism is such that the hour-hand turns around the 
dial once in 24 hours. The clock may be made to keep 
sidereal or solar time ; when used as a sidereal clocks the 
pendulum is made of such length that the hour-hand shall 
make one revolution in a sidereal day. The most important 
parts of an astronomical clock are the penduhim and the 
escapement. The pendulum is compensating (Mech. Arts, 
118-120), and the escapement is so constructed as to offer 
a minimum resistance to uniformity of motion. 

It is not necessary that a sidereal clock should be set so 
as to indicate Oh. Om. Os. when the vernal equinox is on 
the meridian, provided we know its error, neither is it 
necessary that it should turn through exactly 24 hour 
spaces in a sidereal day, provided its gain or its loss in equal 
times is always the same. 

The error of a clock at any given time, or epoch, taken 
loith its proper sign, is called the correction ; if the clock 
is fast, .the correction is — ; if slow, it is +. The amount 
that it gains or loses per day is called the rate ; if it gains, 
the rate is — ; if it loses, it is +. 

Knowing the correction at a given time or epoch, and the rate, we 
may find the correction at any subsequent time by the following Rule : 

Multiply the rate by the number of days and deci- 
mal parts of a day since the epoch, and apply the 
result, with its proper sign, to the given correction ; 
the result will be the required correction. 
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EzAMFLS. At 13b. sidereal time, June ITtb, a clock was 7m. 
SSs. fast, and it was loeing 4b. a daj ; what was ite error at ISh. side- 
real Ume, June 29tli ? 

Operation. — 7ni. 38b. +.49. x 12.35 = — 6m. 4Ba., eorrtction ; 
heoce, 6m. 49s. must be mibtrai^d from the reading of the clock to 
get the true time. 

The Astronomical Telescope. 

19. The ordinary refbractiug teleecope, in its Bimpleat 
form, consists of two lenses set in the opposite ends of a 
suitable tube. The larger lens, called the objective, receives 
the rays of light coining from a distant object, and so con- 
yerges them as to form an imaffe of that object ; the smaller 
one, called the eye-piece, is used as a magnifier to view the 
image thus formed. 

In modern telescopes the objective consists of two lenses 
placed close together ; the outer one, which is of crown 
glass, is convex, that is, it 
is thicker at the middle than 
at the edge ; the inner one, 
which is of Jiint glass, is 
concave, that is, it is thin- 
ner at the middle than at 
the edge. The curvatures 
of the surfaces of the two 
lenses ai'e so chosen that 
the compound lens will give 

a distinct image free from p;g^^_ s™iion<,fMhromaiicobi«ti™ 
color; in this case the ob- 
jective is said to be achro- 
matic. 

The eye-piece is composed of two convex lenses (usually 
plano-convex) placed a littlo distance apart; the one next 
the objective is called the fleld-lene, and the one next the 
eye is called the eye-lens. The lenses may be so arranged 
that the image of an object shall fall between the lenses, in. 
which ease the eje-piece ie said to be ueBaXwei ■, ot'^«^ 




A being tnnied toward lb« object. 
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may be so placed chat the image shall fall in front of the 
field-lens, that is, between it. and the objective, in which 
case the eye-piece is said to be positive. 



Explanation. The lenses are of nearly 
equal focal lengths, and the distance be- 
tween them is aboat | the focal length of 
either. In this case the focal length of the 
combination is not flEtr from | the^focal length 
of either lens. 



Pig. 6. Section of positive eye- When the telcscope is used 

piece. C is the fleld-lens, and B . , , i • , . i 

the eye-lens. Simply to vicw an object, the 

negative eye-piece is preferred ; 
but when it is used to fix the exact direction of a body, the 
positive eye-piece is employed. The objective and the eye- 
piece should be so arranged in the tube that their axes 
shall coincide with each other and with the axis of the 
tube. 

20. in a telescope to be used for measurements, the cen- 
tre of the field of view is shown by the intersection of two 
fine lines, called cross-hairs. These lines are attached to a 
perforated diaphragm, provided with suitable adjusting 
screws for bringing the intersection of the cross-lines into 
its proper position. The line joining the optical centre of 
the objective with the intersection of the cross-hairs is the 
line of collimation. When the instrument is ready for use, 
the plane of the cross-hairs is at the common focus of the 
objective and the eye-piece. If the image of a star is seen 
at the intersection of the cross-hairs, the star itself must be 
in the prolongation of the line of collimation, for the ray of 
light that coincides with the line of collimation passes 
through the objective without deviation. 

In the transit instrument, yet to be described, the dia- 
phragm carries a system of hairs or wires, which is some- 
times called a reticle. The manner in which the wires are 
arranged is shown in the figure. The wire dc is horizontal, 
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r i in numDer, lue 



and IB sometitnee double. The wires at right angles to dc 
are eqnidiatant and usually .either 5 or 7 in number, the 
middle one, ab, interBecting the hori- 
zontal one, dc, in the line of collima- 
tion. At whatever elevation the line 
of collimatiou maj be set, the middle 
wire of the parallel system will be in 
the plane of the meridian, and the 
times required for a star to pass fi-om 
wire to wire will be BenBibly the same 
throughout the system, pig s. tiw reticio. 

The magnifying power of a tele- 
scope snch aa we have described is equal to the focal length 
of the objective divided by the focal length of the eye-piece. 
By using eye-pieeea of different focal lengths, the magnify- 
ing power of the same telescope maybe changed to meet 
the wishes of the observer. 

The capacity of a telescope to bring faint objects into 
view depends upon the size of the objective. The quantity 
of light that falls upon the objective varies with the square 
of its diameter, and if none is lost either by absorption or 
from fiiulty construction, the quantity that ent«rs the eye 
will be to the quantity that would enter it without the tele- 
scope as the square of the diameter of the objective is to 
the square of Uie diameter of the pupil of the eye. 

The Reflecting Telescope. 

21. Besides the kind of telescope already described, there 
is another class in which the image of the object to he viewed 
is formed by means of a curved mirror ; these are called 
reflecting telescopes. 

An example of this species of telescope is shown in Pig. 7, 
which represents the great silver-on-glass reflector at the 
Paris observatory. It consists of a tobe about 25 feet long, 
at the bottom of which is a curved minoi -aeaiVj V !%&"(. \b. 
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diameter The reflected ra> s wl ch would come to a fociia 
near the top of the tube arc l,u ned in a, luteral direction 
by a small plane mirror and an image ie formed that can 
be viewed by a suitable eye p ece as shown in the figure. 




F e T Q att eilver-oa-gluii Refleclo ol Ibe Puis Obeer slocy 

This instrument ts equatorially mounted, that is, it 
may be turned around either of tuo axes, one of which is 
parallel to the axis of the heavens, and the other to the 
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plane of the equinoctial. The former, which is the princi- 
pal axis shown in the figni^, is called the polax and the 
latter is the declination axis of the instrument. By 
turning the instrument around its declination axis it may 
be set to the declination of any star, and then by turning 
it around the polar axis it may be made to follow the star 
in its diurnal motion. The latter motion is imparted by 
a train of clock-work. 

The Transit Instrument. 

22. A transit instrument is an instrument for de- 
termining when a heavenly body is on the meridian of a 
place. 

It consists essentially of a telescope having an axis at 
right angles to its length, on which it can revolve in such 
manner that its line of collimation shall always be in the 
plane of the meridian. The telescope is provided with a 
reticle like that explained in Art. 20, which can be so 
adjusted as to make the line of collimation perpendicular 
to the axis of rotation, the wire dc being horizontal. The 
axis of rotation of the telescope is terminated at its ex- 
tremities by two. equal cylindrical pivots which rest in 
metallic pieces called Y's, and the Y's themselves are sup- 
ported by two piers, between which the telescope revolves. 
One of the Y's can be moved up and doion, and by means 
of a portable level the axis of rotation can be made horizon- 
tal ; the other Y can be moved north and south, and by 
means of astronomical observation the axis can be placed 
due east and west. 

When the axis of rotation is horizontal and also due east 
and west, it must be perpendicular to the plane of the me- 
ridian ; then, if the line of collimation is perpendicular to 
the axis, it is obvious that this line will remain in the plane 
of the meridian when the instrument is revolved in the Y'€u 
The line dc ot the reticle being paiaWeX to \)ci^\iQra«vi,*»^^ 
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remaining wires must be parallel 
to the plane of the meridian. 
When the image of a heavenly 
body is on the middle wire of the 
parallel system the body itself 
must be on the meridian of the 
place. • 

Explanation. The projection of a transit 
instrument on a vertical plane perpendicular 
to the meridian. AB is the telescope ; CD its 
axis of rotation ; EF the supporting piers ; 
OH the T'h ; KL the pivots ; the line of col. 
limation revolves aronnd KL, always remain- 
ing in the plane of the meridian. 



Fig. 8. The Transit Instrument. 



Method of Finding Right Ascensions. 

23. The right ascension of a heavenly body is found by 
means of a transit instrument and an astronomical clock. 
The operation consists in finding the exact sidereal time at 
which the body crosses the upper branch of the meridian. 

The telescope of the transit instrument is turned around 
its axis of rotation till it has nearly the proper elevation, 
and when the body enters the field of view, the telescope is 
raised of depressed till the body appears to move along the 
horizontal wire. At the instant the body crosses each of the 
other wires, the reading of the clock is noted. The average 
of all these readings, corrected for the error and the rate of 
the clock, is the sidereal time that has elapsed since the 
vernal equinox was on the meridian, that is, it is the right 
ascension of the body expressed in time. 

If the observation is made on a star when it is on the 
lower branch of the meridian, as it is when the star lies below 
the north pole of the heavens, the exact sidereal time of 
transit must be increased by 12 hours. If this result exceeds 
94 hours^ it must be diminished by that amount. 
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The Meridian Circle. 

24. The meridian circle differs but little from the 
transit instrument, except in having a graduated circle 
attached to its axis of rotation whose centre is in that axis 
and whose plane is perpendicular to it. The telescope and 
the circle revolve together, and the angle through which 
the telescope turns is shown by the arc of the graduated 
circle that sweeps past a fixed index. 

Explanation. The figure represents 
the projection of a meridian circle on 
the plane of the meridian, the nearer or 
western pier heing omitted. L is the 
rotation axis of the telescope AB ; E is 
the remote or eastern pier; ab is the 
graduated circle firmly attached to the 
axis L ; and d is the fixed index. 

If we first take the reading 
of the circle shown by the in- 
dex d when the line of colli- 
mation has the position LA, 
and again take the reading 
of the circle shown by d after 
the telescope has been turned 
till its line of collimation has 
the position LA', the former 
reading subtracted from the latter will give the length of 
the graduated arc that has swept past d during the motion, 
and this will be the measure of the angle ALA'. 

Inasmuch as the circle and telescope turn together, the 
reading of the circle will always be the same when the tele- . 
scope has the same direction. The reading when the tele- 
scope is directed toward the pole of the heavens, and which 
we may call the polar reading, can be found as follows : 
direct the line of collimation to a star that is very near the 
pole at the instant of its upper culmination, and take the 
reading of the circle ; then, after an interval of 12 hours^ 
direct the line ot collimation to the sam^ ^tax ^\> \Xi^ \CL%\*^Si^ 




Pig. 9. The meridian circle. 
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of its lower culmination, and take the reading of the circle ; 
the half sum of these readings (after both are corrected for 
atmospheric refraction) will be the polar reading. 

K we subtract 90° from the polar reading we have what 
may be called the equinoctial reading, that is, the reading 
of the circle when the line of coUimation is in the plane 
of the equinoctial. 

Method of Finding^ Declinations. 

25. The declination of a heavenly body is found by means 
of the meridian circle. The operation consists in finding 
the reading of the circle when the line of collimation of the 
telescope is directed to the body at the instant of its upper 
culmination. 

As the body approaches the meridian, the telescope of the 
meridian circle is turned on its axis of rotation till the line 
of collimation has nearly the proper elevation, and when the 
body enters the field of view the instrument is elevated or 
depressed till the body seems to move along the horizontal 
wire. When the body reaches the middle vertical wire the 
reading of the circle is taken at the index d ; this reading, 
corrected for atmospheric refraction, and then diminished 
by the equinoctial reading, is the required declination. 

If the reading found is greater than the equinoctial 
reading, the diflference will be positive, and the declination 
north ; if the reading found is less than the equinoctial 
readiyg, the difference will be negative, and the declination 
smith. 

The descriptions ^ven in this and in the preceding" articles are only 
intended to impart a general notion of tbe instruments used, and of 
the methods employed in finding the right ascensions and declinations 
of the heavenly bodies ; more detailed accounts belong to the subject 
of practical astranomy. 



II. OF THE STARS. 

Classification of Stars. 

26. The fixed stai*s are divided into classes according to 
their apparent brightness ; the brightest stars are said to be 
of the first magnitude, those next in order of brightness 
are said to be of the second magnitude, and so on down 
to the faintest that can be seen with the naked eye by the 
ordinary observer, which are usually classed as stars of the 
sixth magnitude. Still fainter stars are rendered visible 
by the aid of the telescope, and the same method of classi- 
fication is continued to the sixteenth magnitude, be- 
yond which it is seldom extended. 

This method of classification is perfectly arbitrary, and 
astronomers are by no means agreed as to the classes to 
which certain stars are to be assigned. Amongst those of 
the same magnitude, also, very great differences of bright- 
ness exist, more even than between some that are classed 
in different magnitudes. The lines of division between the 
stars of the different magnitudes are the result of usage. 
According to Sir John Herscliel there are 23 or 24 stars of 
the first magnitude, from 50 to 60 of the second magnitude, 
about 200 of the third magnitude, and so on, the numbers 
in each class increasing very rapidly as we descend in the 
scale of brightness. He estimates that the entire number 
of stars included in the first seven magnitudes is between 
12,000 and 15,000. The number of stars in the remaining 
classes are counted by millions. 

Astronomers are sometimes in doubt as to which class a 
star belongs, and in such cases it has been the practice to 
place it between two classes ; thus, if a star is between the 
second and third magnitudes, it is nuiuJoet^^ ^'^^ ot ^'^, 
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Both of these signs indicate that the star in question is 
between the second and third magnitudes, the former de- 
noting that it is nearer the second, and the latter that it is 
nearer the third magnitude. 

Catalogues of Stars. 

27. A catalogue of stars is a tabular statement of the 
right ascensions and declinations of certain stars together 
with their several magnitudes. 

Numerous star catalo^es have been published, but the most ex- 
tensive one is that of Argelander, which contains, approximately at 
least, the places of all the stars down to the ninth magnitude, and 
lying between the north j>ole of the heavens and a diurnal circle 2° 
south of the equinoctial. This catalogue has been extended in the 
southern hemisphere by Dr. Gould of the Cordova Observatory, in 
South America, and the entire catalogue now embraces more than half 
a million of stars. Catalogues like this are of great value to the 
astronomer, but others of greater accuracy, though containin^r fewer 
stars, are found to be more generally useful. Perhaps the most valu- 
able one of the latter class is the British Association Catalogue, which 
gives the positions of more than 8,000 stars. 

Star Maps and Celestial Globes. 

28. When we know the right ascensions and declinations 
of the principal stars, we can show their relative positions 
and groupings by plotting them either on a plane surface 
or on the surface of a sphere. In the former case we have 
a star map and in the latter a celestial globe. 

Star maps and celestial globes are constructed on the 
same general principles as terrestrial maps and globes, hour 
circles in the former corresponding to meridians in the lat- 
ter, and diurnal circles in the former to parallels of latitude 
in the latter. 

Terrestrial maps represent the relative positions of objects as seen 
/ix?m aitavey whereas star maps represent "theia as ^^eti itoHi \»^o^ . 
Hence, for regions south of the pole the top oi \\ie •oia.v 'va tioTtK, wA 
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the right hand is toest ; for regions north of the pole the top of the 
map is gatUh, and the right hand is east. In like manner a celestial 
globe represents the relative positions of the stars as they woold ap- 
pear to an observer at its centre and looking outward. In using a star 
map, therefore, we imagine it to be placed between the eye and that 
part of the heavens which it represents ; in using a celestial globe, we 
suppose the eye to be placed at its centre. 

The configurations of star groups are always the same, 
but in consequence of the motion of the observer the line 
joining any two stars is continually changing its apparent 
direction ; hence it is impossible to point out the direction of 
one star from another in the same manner that we indicate 
the direction of one place from another on the surface of the 
earth. This is shown in Fig. 10, which represents the group 
of stars that is commonly called the dipper in different posi- 
tions as it circles around the pole. 



ExPLAHATioN. Flgnre 
10 shows the poeitions of 
the dipper (a part of the 
great bear) as it appears at 
different seasons. A is its 
position at 9 o*clock on the ^ 
15th of May ; B is its posi- 
tion at 9 o'clock on the 
15th of Aa^st; C is its 
position at 9 o'clock on the 
15th of November ; and D 
is its position at 9 o'clock 
on the 15th of February. 



Of two stars which 
are near together and 
on the same side of 
the pole, that is said to 
be most northerly 
which lies nearer the 
north pole; that 
which comes to the 
meridian Qiat is said 
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Fig. 10. C\Tcumvo\«x ^\ax^. 



to precede, and the other one is said to follovG, t\iesfe \jetToa «x^ ^\V«\i^ 
ased to deeeribe the position of one star mt\i Tea^^cX. Xo «avo^^^ 



30 A8TB0K0HT. 

thus, if we say that the star A is south foUomng the star B, we mean 
that the star A is further from the north pole than the star B, and that 
A crosses the meridian after B. 



Constellations. 

29. The stars are not uniformly distributed over the 
heavens, but are aggregated in groups, whose boundaries 
are more or less distinctly outlined. These groups, which 
are called constellations, were recognized by the earliest 
astronomers, and many of them still bear names that were 
given to them as long ago as the time of Hipparchus. 

The earlier star maps and globes were covered with rude 
figures of men and animals, each of which stood for a par- 
ticular constellation ; such figures are passing into disuse, 
and the names of the constellations are now used simply to 
indicate certain portions of the heavens. The boundaries 
of the constellations are usually laid down on the map or 
globe, and to a certain extent they aflford a convenient means 
of referring to particular stars. In the same way that it 
is easier to describe Washington as the capital of the United 
States, than to say that its longitude is 5h. 8m. W. and its 
latitude is 38° 53' N., so it is easier to describe Begulus as 
the principal star in the constellation Leo, than to say its 
right ascension is lOh. 2m. and its declination is 12° 33' N. 

Astronomers do not entirely agree as to the boundaries, 
nor even as to the number of the constellations. There 
were 48 ancient constellations, but these did not cover the 
entire celestial sphere, and others have been added in 
modern times ; some of the latter have not been accepted 
by astronomers. According to Proctor there are now 84 
recognized constellations, which may be divided into three 
classes, viz. : zodiacal, northern, and southern constellations. 
Of these, some are so near the south pole as to be either 
wholly or nearly invisible to an observer in the latitude of 
Kew York. Others are comparatively insignificant, either 
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on account of their small size^ or because of the faintness of 
the stars embraced within their limits. 

Names and Designations of Stars. 

30. The earlier astronomers gave particular names to the 
principal stars, and some of these are yet in general use. 

Thus, the principal star in the constellation Canis Major 
is called Sirius, the principal star in Taurus is Aldebaxan, 
that in Lyra is Vega, and so on. 

Bayer introduced the plan now in use, of designating the 
stars in each constellation by letters of the Greek alphabet, 
using Soman letters and numbers when the Greek letters 
were exhausted. The brightest star in each constellation is 
called a, the next brightest i3, and so on. Thus, the bright- 
est star in the constellation Leo is called a Leoiis, the next 
brightest ^ Leonis, and so on. In some cases, however, the 
order of brightness is not indicated by the order of the let- 
ters employed. 

The Zodiac and Zodiacal Constellations. 

31. The zodiac is a zone or belt extending about 8° both 
north and south of the ecliptic. This belt is of importance 
only because it embraces the apparent paths of the sun, the 
moon, and the principal planets. 

The ecliptic and the zodiac are divided into 12 equal parts 
called signs. The names of the signs, beginning at the 
vernal equinox and counting from west to east, together 
with their English equivalents and the characters by which 
they are denoted, are as follows : Aries, the ram, np ; 
Tatirus, the hull, « ; Gemini, the twins, n ; Cancer, 
the crai, .2s ; Leo, the lion, ^ ; Virgo, the virgin, W ; 
Libra, the balance, ^ ; Scorpio, the scorpion, ^l ; Sagit- 
tarius, the archer, t ; Capricormis, the goat, VS* ; Aqua^ 
rius, the waterman, cct; and Pisces, the fishes, X. 

The zodiacal constellations have t\ie «axck^ tl^tcl^^^ ^& 
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the signs of the zodiac, but are not coincident with them. 
When the constellations were named it is probable that 
each coincided very nearly with the sign of the same name, 
but in consequence of the precession of the equinoxes the 
signs of the zodiac have fallen back with respect to the 
stars, till now, after the lapse of 2000 years, the constella- 
tion Aries has come to coincide very nearly with the sigti 
Taurus, the constellation Taurus with the sign Gemini, and 
so on. This would seem to indicate that the zodiacal con- 
stellations were named more than a hundred years before 
the beginning of the Christian era. 

Northern and Southern Constellations. 

32. The northern constellations are those that lie 
between the zodiac and the north pole of the heavens.. 
The most important of these are, Ursa Major, the great 
hear ; Ursa Minor, the little^ hear ; Draco, the dragon ; 
Cepheus ; Cassiopeia ; Camelopardus, the giraffe ; 
Bootes ; Corona Borealis, the northern crown ; Her- 
cules ; Lyra, the lyre ; Cygnus, the swan ; Perseus ; 
Auriga, the waggoner; Serpentarins or Ophiuchus, 
the serpent hearer ; Serpens, the serpent j Aquila, the 
eagle ; Delphinus, the dolphin ; Pegasus ; and An- 
dromeda. 

The first six of the constellations above named are said to 
be circumpolar, that is, they circle around the i>ole without 
sinking below the horizon. 

The southern constellations are those that lie be- 
tween the zodiac and the south pole of the heavens. The 
most important of these, that are wholly or for the most 
part visible in the latitude of New York, are Cetus, the 
whale; Orion; Canis Major, the great dog; Canis 
Minor, the little dog ; Crater, the cup; Corvus, the 
croto ; Eridanus, the river Eridarms ; and Piscis Aus- 
tralis, the souther?i fish. The principal constellations 
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that are inyisible in our latitude are Argo Navis, the 
ship Argo; Hydra; Centaurus, the centaur ; Lupus, 
the wolf; Corona Australia, the southern croum; and 
Cruz Australia, the southern cross. 

The minor constellations, both northern and southern, 
may be found on any good celestial globe. 

The student shonld familiarize himself with the location, and the 
names of the leading stars, of the principal constellations. This is 
most readily accomplished hy the aid of a celestial globe. 



The Star Maps. 

33. A preliminary notion of the general location of some 
of the most importuit constellations may be obtained from 
the following miniature maps and the accompanying de- 
scriptions. 

Method of Using the Maps. — ^Map I. is to be held so 
as to be perpendicular to a line from the eye to the pole star, 
and then turned around till the constellations on the majp 
and in the heavens have corresponding positions with re- 
spect to the meridian. At 9 o'clock in the evening of Maly 
15th the vertical line through the middle of the map will 
coincide very nearly with the meridian ; at other times the 
map must be turned around till the middle vertical line 
passes through Polaris and y TJrssB Majoris. Maps II., III., 
IV., and V. are to be held so that the middle vertical line of 
each shall coincide with an hour circle, the top of the map 
being toward the north. At 9 o'clock in the evening of the 
day named on any map the middle vertical will coincide 
with the meridian ; at other times the map must be turned 
around till it corresponds in position with the stars that it 
represents. It is to be noted that the right hand side of 
each of the last four maps lies to the west and the left hand 
side to the east, just the reverse of what obtains in a terres- 
trial map. 
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The little bear. The stars a and ^ of the great bear are 
called pointers, because the line from i9 to a, when pro- 
longed about 30^, passes through the pole star, which is 
the principal star in the little bear. This star is called 
a UrssB Minoris, or more commonly Polaris, and it is the 
star around which all the other stars appear to revolve. 
The seven principal stars of this constellation also form the 
figure of a dipper, but its handle is curved in a different 
way fh>m that of the other dipper, as shown in Map L 

Tlw haiidlM of the two dippen, which correspond to the tails of the 
two heuB, are tomed toward opposito points of the heavens. 

Gassiopeia. A line from d UrsaB Majoris to the pole 
flter, and then prolonged as much farther, goes to the star 
in Cassiopeia. The five principal stars of this constella- 
tiovi form a figure shaped like a wide W, having ifcs top 
toward the pole. The Greek letters that designate these 
staFBy taken in order, form the word 0ay6e, as shown on 
Map L 

Oeph^iiB. A line drawn from a to Gassiopeise, and 
tbea prolonged about four times its own length, goes to 
the principal star in Gepheus, which is called a Gephei ; 
f Gephei is on a line from a toward Polaris, and is about 
7° firom the former ; 6 Gephei lies at the vertex of a nearly 
equilateral triangle, whose other vertices are a and |9. The 
other stars of this constellation may be learned from the 
map. 

Draco. A line from 6 CassiopeisB to )3 Gephei, when 
prolonged a distance eqiial to itself, goes to the Head of 
the Dragon, which is marked by 4 stars arranged in the 
form of a lozenge. Starting from the head, the remaining 
principal stars form a figure shaped somewhat like the let- 
ter Z and enclosing the constellation Ursa Minor. The 
lower line of the Z lies midway between the two bears, and 
is parallel to the tail of the great bear. 
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Andromeda. If a line is drawn from Polaris to Cbb- 
eiopeiEB, and prolonged an equal distance, it will go to a An- 
dromedae, and in like manner if a line ia drawn from Polaris 
to e Caesiopeiie, and prolonged an equal distance, it goes to 
7 Andromedse. The star f3 lies nearly midway between a 
and y. Knowing then these, the other stars of the constel- 
lation may be found by means of Map II. 




Fig. 1*. MiTlI, 8 o'clock F,M.,DecBml 



Perseus. A line from /3 to y Andromod^, when pro- 
longed an equal distance, reaches a Peraei. At a distance 
of about 10° nearly south of a is Peraei, or Algol, a noted 
variable star.' The stars a and (3 Persei with y Androraedffi 
ranna in'ungle, right-angled at Peraei. The oIVict -^tW 
c/paJ stars of PerseuB may be found from the ig».\.. 
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Amiga, If we draw a perpendicular to the line joining 
Folsris and a Caaaiopeiffi at its middle point, and prolong it 
on the aide of Perseus, it will pass throagh Capella, the 
brightest Btar of Anriga. This star is about 45° from the 
pole. If the line from J Peraei to a Aurigss ia prolonged it 
goes to p Aurigte, a star of the second magnitude. The 
other stars of this constellation can be .found by the aid of 
UftpB ni and I. 




Fig. 13. Map III., 9 



Taurus. Aldebaran, the brighteat atar in Taurua, to- 
gether with Capella and Algol, form an isosceles and nearly 
equilateral triangle, Aldeburan being at the vertex far- 
thest from the pole. Aldebaran is a red star, and with fonr 
other, bat amaller ones, it forma & \eUeT N ^'x'Otv \\a c^^v- 
mg tamed towards Capella. This "V-ftW^t^A. Ow,%'w« S& 
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called the Hyades. If the bottom of the V is joined with 
a fourth magnitude star called A Tauri, the V is converted 
into a Y. A smaller and more compact cluster, called the 
Pleiades, 15° northwest of the Hyades, is a prominent ob- 
ject. The stars P and ^ Tauri, which form the tips of the 
bull's horns, are easily found by the aid of Map III. 

The Ram and the Fishes. A line from e GassiopeisB 
to y Andromedae when prolonged passes through a Areitis 
and a Piscium, the four stars dividing the line into nearly 
equal parts. The star p Arietis li^ about 5° southwest 
of a Arietis, and is a trifle fainter than that star. The 
other stars of these constellations are unimportant, but may 
be traced by means of Map II. 

The Whale. If the stem of the Y, described in 
speaking of the Hyades, is prolonged it will pass througli a 
Oeti, which lies at the vertex of an isosceles triangle, wboae 
base is the line joining the Hyades and the Pleiades. About 
one-third of the way from a Geti to a Pist^ium we find the 
star y Ceti, and at about 10° southwest of y Ceti is the 
noted variable star called Mira.. The other principal stars 
can be found by the aid of Map II. 

The Twins. If a line is drawn from a Persei to a point 
midway between a and AurigSB and then prolonged an equal 
distance it goes to two bright stars in Gemini. The north- 
ernmost of them is named Gastor and the southernmost 
Pollux. Both Gastor and Pollux are bright stars of the 
second magnitude, and each marks the head of one of the 
twins. The general direction of the body of each of the 
twins is southwest, and is marked by a row of stars. These 
rows which mark the bodies of the twins form a well 
marked and conspicuous rectangle whose breadth is about 
5° and whose length is more than 20°. 

Orion. This is the most magnificent of all the constella- 
tions. It comes to the meridian about 9 o'clock on the 
1st of February, being about 25° southeast of the Hyades. 
It is marked by four brilliant stars which form a trapezoid, 
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whose greatest diagonal is nearly 20° in length. The stars 
at the extremities of this diagonal, called Betelgeux and 
Eigel, are both of tlie first magnitude, and the Une joining 
them is nearly bisected by a line of three stars of the third 
magnitude, which form what is called the belt of Orion. 
The extreme stars of the belt are 3° apart, and the middle 
one bisects this distance. Just below them is a line of small 
stars running north and south which form the Sword of 
OrioxL The belt points to Aldebaran on the northwest and 
to SiriuB on the southeast. 

The Q-reat Dog. The star Sirius, which is the princi- 
pal star of Oanis Major, and the most brilliant one in the 
heavens, lies as has been said in the prolongation of the 
belt of Orion to the southeast ; it also lies in the prolonga- 
tion of a line from to ic Ononis. This star, which cannot 
be mistaken for any other, enables us to trace out the cgbt 
stellation to which it belongs. 

The Little Dog. The principal star in Ganis Minor Ib 
called Procyon. It lies to the eastward of Betelgeux, and 
is at one yertex of a nearly equilateral triangle whose other 
vertices are Betelgeux and Sirius. 

The Lion ajid the Crab. Begulns, the principal star 
in the Lion, is at the eastern vertex of an isosceles trianglB, 
whose base is formed by joining Procyon and Pollux. The 
equal sides of this triangle are about 35"" in length. Thd 
triangle just described includes the principal stars of the 
constellation Cancer. Begulus is very near the line formed 
by prolonging the line from a to j3 of the Great Bear. The 
star Ti Leonis is about 5° due north of Regulus and, taking the 
line joining them as a handle, the stars y, f, fi, and e form the 
blade of a sickle, whose cutting edge is turned to the west. 
The bright star (3 can easily be found by referring it to the 
stars in fcbe Sickle. 

Hydra. The principal star of this constellation is called 
Cor Hydrae. It lies south of a line joining Regulus and 
Procyon, and is so placed as to form with them a nearly 
equilaterai triangle. 
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' BooteB. If the line &om ^ io t) TTraee Majorie is pro- 
loDged and Blightly curved away from the pole, it will go 
to Arctona the principal star in BoStee. Arctume i8 a star of 
the first magnitnde, and is eaeilj recognized. The other 
principal stars can he found hy the aid of Maps I. and IV. 
VIi^o and Libra, The principal star of Virgo, called 
SpicB, is of the first magnitnde and aboat 30° southward of 




Fig. 14. Map IV.,9p.x., June 



ArotumB. The other important stars of this constellation 
lie to the north and west of Spica, and are eaeily traced. 
The four principal stars of Libra form a small quadrilaterfi], 
whose longest diagonal lies north and south. The upper 
star in the quadrilateral is about 30° nearly west of Spic*. 
The Crown, Ophluohus, the Serpent, and Her- 
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onles. The line from e to ^ ot the Great Bear if pro- 
longed about 35° goes to the Crown, and if prolonged 
ftbont 10° further it goea to the head of the Serpent, 
whioh IB marked by the four stars 0, y, k, and n fSerpentis. 
The conetcllation of the Crown is easily recognized, as it 
- oondBts obiefly of a nnmber of stars very close together, and 
uranged in an arc of a circle whose concavity is tnmed 




towards the north pole. Ophiuchns, or the serpent hearer, 
is represented with hie head at the star marked a and with 
his feet on Scorpio, and holding in his grasp a huge ser- 
pent whose general direction is shown on maps V. and IV. 
A line fh>m -y to e of the Great Bear when prolonged passes 
tiirongh a qnadrilatei-al formed by the etaTB e, ii, i;, &-&& "n. 
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iu what is called the girdle of Hercules. Heroales iB 
represented as standing with his head at a, his girdle as 
just explained, and his feet reaching nearly to the Dragon. 

The Lyre, the Swaoi, ajid the Ea^e. The star 
Vega, which is the principal star in the Lyre, and which is 
the brightest star in the northern hemisphere is at the yer- 
tex of a large and neai'ly right-angled triangle, whose hy- 
pothenuse is a line joining Arcturus and Polaris. It cannot 
be mistaken for any other star. Two small stars towaids 
the west and very near Vega form with it a small equi- 
lateral triangle. The npper one is e, a remarkable double 
star. Below and to the eastward are two other stam called 
j3 and y, between which there is a remarkable ring nebula. 
The swan is to the east of Lyra, and its four principal stars 
form a very distinct cross whose length is along the milky 
way. The body of the cross is formed by the stars a, y, 
and 0y and it is completed by the stars d and e, which are 
nearly in a line through y. Altair, the principal star in the 
Eagle, is at the southern vertex of an isosceles triangle, 
whose base is formed by a line joining Vega and y Cygni. 
Two small stars, one above and one below Altair, at dis- 
tances of 2"" and 3^ form with it an arc slightly curred 
toward the west. 

Pegasus, the Dolphin, and the .Waterman^ The 
three principal stars of Pegasus, namely a, j3, and y, with 
the star a Andromedae, form a square called the great 
square of Pegasus, whose sides are about 15^ in length 
as shown in Map I. The four principal stars of the Del- 
phin form a beautiful lozenge, which is nearly south of a 
Cygni. It is also on the prolongation of the line from a 
AndromedaB to j3 Pegasi. If that diagonal of the great 
square of Pegasus which passes through a Pegasi is pro- 
longed a distance equal to its own length, it will go to « 
Aquarii. To the eastward of a are four stars forming a 
letter Y with its opening turned toward y Pegasi. 

The Scorpion. The line from Regulus to Spica^ when 
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proloBged to a distance nearly equal to that between the 
stars named^ goes to Antares the principal star in the Scor- 
pion. This is a red star of the first magnitude, and cannot 
easily be mistaken for any other star. Antares is the 
middle one of three stars, forming an ai'c whose concavity 
is toward the south. At right angles with this^ and to the 
westward, is a second arc of three stars, having its concavity 
toward the star a Scorpii. If we imagine this to be the bow 
of a kite, the remaining stars commencing with a form the 
tail, as shown in Map V. 

When the student has become familiar with the leading 
stars of the heavens he can trace out the minor ones by the 
aid of more detailed maps, such as are to be found in Proc- 
tor's Star Atlas. ^ 

The Milky Way. 

35. The Milky Way, or the Galaxy, as it is often 
call^, is a luminous belt, or zone, extending entirely 
around the heavens. It is not everywhere of uniform 
width, is somewhat irregular in its boundary, and it often 
presents deviations, branches, and gaps; on the whole, 
however, its middle line does not differ materially from a 
great circle of the sphere, its inclination to the equinoctial 
being about 63°. It comes nearest to the north pole in the 
constellation Cassiopeia, and to the south pole in the neigh- 
borhood of the Southern Cross. It is seen most favorably 
daring the early evening in the month of September, at 
which time* it presents the appearance of a magnificent arch, 
passing through the zenith and running from northeast to 
southwest. 

The telescope shows that this remarkable belt is made up 
of a countless multitude of stars, so far distant from us as to 
be invisible to the naked eye, and so close together as to 
give it the appearance of an almost uniformly luminous 
dead* It has been estimated that the m\Vk^ ^2b^ eQ\vX><^vcL^ 
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more than 20^000^000 of 8tai*B that can be seen with the 
largest telescopes. 

Double and Multiple Stars. 

36. Many stars that seem single to the naked eye, or with 
small telescopes^ are in reality double, that is, when viewed 
with more powerful telescopes they are seen to consist of a 
pair of stars, separated from each other by only a few seconds 
of arc. When very powerful telescopes are directed to such 
stars, they are sometimes found to consist of three, four, 
and even more than four components, closely grouped to- 
gether ; such groups are called respectively triple^ qiMdru- 
pie, and multiple stars. ^ 

Herschel limits the class of double stars to those whose 
components are less than 32" apart. The whole number of 
double stars within this limit, so far as known, is more than 
6000. The components of some of these can be seen as 
separate stars with telescopes of moderate power, others re- 
quire for their separation instruments of the highest degree 
of excellence. The stars Castor, j3 Scorpionis, C Ursae Mujo- 
ris, and y Leonis are familiar examples of double stars that 
are easily separated ; Sinus is a double star that can only be 
separated by a powerful telescope. 

The components of a double star may happen to lie in 
nearly the same direction from the observer, and yet be so 
far apart as to have no appreciable physical connection ; 
such stars are said to be optically double. Again, the 
components of a double star may revolve around their com- 
mon centre of gravity in regular orbits ; these stars, which 
are said to be physically connected, are called binaxy staxs, 
to distinguish them from those that are optically double. It 
is highly probable that a great majority of double stars be- 
long to the binary class. 

The star e Lyrse is a striking example of a double binary. 
With a small telescope this star is seen as a widely separated 
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bnt simple double ; w<th a more powerfal inatrument each 
component is seen to be double. ObecrTatiou shows that 
the two pairs reTolve aronnd their common centre of 
inertia, in an immensely long period, while each of the pairs 
revolves about its own centre of inertia ia a very mnch 
shorter period. 

The star Orionia, which is situated in the midet of a 
great nebulte, presents the appearance of fonr brilliant stare, 
forming a trapestum whose longest diagonal ia about %1" ; 
these are accompanied by two exceedingly minute stars, the 
whole forming a sextuple star, or a multiple star of sizcom- 
ponents. This gronp forms a teat object for telescopes of 
from 4 to 5 inches aperture. 



CliMters uid Hebulc, 

37. In many parte of the heavens great nambers of stars 
are crowded together in masses that are called dusters. 
The Pleiades afford an example of this kind of (^^gregation ; 
in this cluster no more than 
six or saven stars are usually 
visible to the naked eye, but 
when viewed with a telescope 
of moderate power the num- 
ber is increased to sixly or 
leventy. The cluster in Can- 
cer called Pnesepe, and the 
clnster in Perseus, are barely 
visible with the naked eye, 
but when viewed with a tele- 
scope they are shown to con- 
tain hundreds of closely com- 
pacted itsn. The telescopic appearance of the latter is 
shown in Fig. 16. It is on a lino from 6 Cassiopeia to 
a Persei at about one-third of the distance from the former. 

The globular cluster in Hercules is ftnotWi «t.&'\&'^«i (>^ w.. 
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object which ia barely diacemible with the naked eye, but 
which is shown in the telescope as a grand assemblage of 
glittering starg. Its telescopic appearaiico is shown in Fig. 
17 




Tig. 17. Chutet 



In some regions of the heavenB the stare, witboot being 
groaped in regular clnstere, are so closely eonipacted that 
for every star visible to the naked eye there are hundreds 
that are only discernible witli the telescope. Fig. 18 gives 
a telescopic view of a small portion of the constellation 
Gemini, within which there arc no more than six or seven 
stars that can be seen with the naked eye. 

The term nebula has been used to designate any of those 
elond-like patches of faintly luminous matter, of which thoa- 
sands are seen by the telescope to be scattered over the dark 
hackgronnd of the heavens. 

It has been shown by the spectroscope that some of these 
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object! WTO extended masaes of incandeaceiit gases or vapors ; 
these are the tme neboln. 

It is diffiOfllt to draw a line of diTisioQ between clnsten 
ot itan and nobnln, tor many objects that appear to be 




Fig. 18. SUTBlpof KKuQanalB tba«iin(tell*tlDnQ«iitDL 



nebnlse when seen with small telescopes are found to be 
clnst«n of atars when viewed with instrnments of higher 
power. For this reason it has been Fonnd coDTenient to call 
all c^ these objects nebnlse, and then to designate the two 
dasBH as nsolvahle and irresolvable. 

Nearly all of the nebnl» are exceedingly irregnlar in 
form ; a few, however, are so nearly regnUi in ^&«^ a& \a 
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admit of a species of classification. The meet noteworthy 
of these classes are the following ; 

1°. The annular nebulaB. These are sha{)ed like a 
ring, which may be either circular or elliptical. Only four 
such nebulae are known ; the most remarkable of these is 
situated between the stars P and y in the constellation Lyra, 
and may be seen with a telescope of moderate power. The 
nebulous ring is of an elliptical form, and its interior seems 
to be filled with a faintly luminous matter, so that the en- 
tire nebula appears like a tenuous veil stretched on a hoop. 

2"". The elliptical nebnlse. These haTe an elongated 
form, approaching to that of an ellipse. The best example 
of this class is the great nebula of Andromeda. It is fsintly 
visible to the naked eye ; when viewed with a small tele- 
scope, its form is that of an extremely elongated ellipse; 
but under higher powers, its boundaries are greatly ex- 
tended, it loses much of its elliptical form, and presents 
two remarkable black streaks or rifts extending froA end 
to end. 

3"". The planetary nebnlse. These are nearly oirqdlar 
in shape, resembling somewhat the disks of the planets. 
About twenty nebulae of this class are known, some' of 
which are double. 

4°. Spiral nebnlse.. These are but few in nmnber, 
and for the most part can only be seen with telescopes of 
the highest excellence. They appear to be made up of 
irregular spiral bands which spring from a central nucleus 
or eye. The nebula known as 51 Messier, situated in the 
constellation Canes Venatici, is now ranked with the spiral 
nebulae. Sir John Herschel says that in an 18-inch reflector 
it presents the appearance of a large globular nebula sur- 
rounded by a ring which is divided, through two-fifths of its 
circumference, into two laminae. Outside of the ring is a 
bright round nebulous mass. In the great 6-foot reflector 
of Lord Rosse, the principal centre of condensation is seen 
to be the origin of a great number of spiral whorls, the 
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denser portions of vbich correspond to the ring. These 
carious whorls extend out as f u- as the Becondary centre, 
which also seems to be the origin of a minor set of spiral 
toDgnes. 

This Debola ftSbrds an example of the diSbrent ftppearuuws pre- 
sented bj the aune object nndui di^Teat dt^reea of magnifjlog 

Among the more irregnlar nebuIsB some are named &om 
their apparent form. Of these we may note the crab nehula 




TbeCnb Nebula. 



in the conBt«llatioQ Tanms, of which a drawing is given in 
Fig. 19. In ordinary telescopes it has an elliptical ontline, 
but in Lord Bosse's telescope "it is transformed into a 
closely crowded clnster, with branches streaming off from 
the oval boundary, like claws, so as to give it an appearance 
that in a measure justifies the name by which it is distin- 
goisbed." 
9 
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In Bome regions there tire bnt few, and, again, in other 
regions their namber is very great. They are particuhirly 
nnmerotis in the constellations Leo, Virgo, and UrBa Major. 




Fig. n. Nebnli la Aigts. 

Am * general rule, they increase in number as we recede 
from the milky way, being most numerous near the poles 
of the great circle which marks the genera! direction of 
that belt. 

Colon and Vmij'aig Brightne** of SUrs. 

38. The color of a great majority of the stars ia white 
like the son, bnt there are some stars of a yellowish tint, 
some are orange, and not a few are red. Secchi, who baacB 
his statement on the eridencc of the e]>ectro6cope, says that 
" the tints of the stars called white are for the most part 
blue ; from this color there is a passage by insensible de- 
grees to true white, then to yellow, then to orange red, and 
finally to blood red, Sirias, Vega, Cafttoi, sa4.^?jV\w^ft w^ 
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blue ; Procyon and Altair, wliite j Capella, PoUux, and a 
Ceti, yelhio ; Aldebaran, Arcturus, and Betelgeux, orange ; 
Arcturus and a Hercules, red ; the blood red stars are 
small." 

The components of double stars are frequently colored, 
and in some instances the colors of the two components are 
complementary, that is, colors whose combination would 
form white. In other cases the components have different, 
but not complementary, colors. The components of iy Cas- 
siopeiae are yellow and purple ; those of y AndromcdsB are 
orange and green j those of j3 Cygni are yellow and blue ; 
those of e Bootis are orange and green; and those of o Pis- 
cium Bxepctle green and blue. 

The stars do not always retain the same degree of bright- 
ness ; in fact, many of them experience a remarkable change 
of brilliancy ; these are called vaxiable staxs. Secchi says 
that it is probable that all the stars undergo a greater or 
less change in brilliancy. This change is particularly 
marked iti those stars whose colors are orange, red, or yel- 
low. In some cases the change is well marked and periodi- 
cal ; in other eases the change is less distinctly manifest, 
and the periodicity is not established. The star o Ceti, 
commonly called Mira, is one of the most remarkable of the 
variable stars. Newcomb says, " during most of the time 
this star is entirely invisible to the naked eye, but at inter- 
vals of about eleven months it shines forth with the bril- 
liancy of a star of the second or third magnitude. It is, on 
the average, about forty days from the time it first becomes 
visible until it attains its greatest brightness, and it then 
requires about two months to become invisible ; so that it 
comes into sight more rapidly than it fades away." An- 
other noted variable star is called Algol, or Persei. It is 
ordinarily of the second magnitude, and retains this degree 
of brightness for about 2d. 13h., when it begins to decline 
in brilliancy, and at such a rate as to become of the fourth 
magnitude in 3j^ hours, and then in about the same time it 
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regains its original brightness. The total period of this 
star is 2d. .20b. 48m. 55s. 

A class of stars very closely connected with variables 
comprises those which are called temporary. The most 
remarkable star of this class made its appearance in 1572, 
in the time of Tycho Brahe. It was situated in the constel- 
lation Cassiopeia, where it was visible for nearly seventeen 
months, the greater part of which time it was as brilliant as 
Venus ; it finally disappeared after passing from white to 
yellow and then to red. In 1670 a star appeared in the 
constellation of the Swan, which remained visible for two 
years. In 1848 Hind saw a star in Ophiuchus which sud- 
denly became of the fourth magnitude, and is now visible 
as a star of the eleventh magnitude. In 1866 a star in the 
northern crown blazed up to the second magnitude, having 
previously been of the eighth magnitude, and gradually 
subsided to its original brilliancy. It is remarkable that 
the spectrum of this star showed the bright lines of incan- 
descent hydrogen, a fact which gave rise to the theory that 
the increase in brilliancy of this star was due to the sudden 
development of an immense volume of this gas. 

Aspects of the Heavens. 

39. The celestial sphere presents different aspects to 
observers in different latitudes, that is, the diurnal circles 
are differently situated with respect to the horizon. 

First Aspect, — The right sphere. At the equator the 
horizon of the observer coincides with an hour circle, and 
consequently in the course of a sidereal day it sweeps over 
the entire heavens. The diurnal circles are all perpendicular 
to the horizon, and are bisected by it ; hence, all the heavenly 
bodies rise and set in lines perpendicular to the horizon, 
and are as long above the horizon as they are below it. 
A body on the equinoctial rises due east, culminates at 
the zenith, and sets due west. A body that \a wo^. ci\i \}Ki<5i 
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equinoctial rises, culminates, and sets at points whose diih 
tances from the east point of the horizon, the zenith, and 
the west point of the horizon, are respectively equal to the 
declination of the body. 

On account of the obliquity of the ecliptic, the sun is 
sometimes on the north side and sometimes on the south 
side of the equinoctial. At either equinox the sun culmi- 
nates at the zenith ; from the yemal to the autumnal equinox 
it culminates to the north of the zenith, reaching its northern 
limit at the summer solstice when it culminates 23^ 2T 
north of the zenith; from the autumnal to the yemal 
equinox it culminates to the south of the zenith, reaching its 
southern limit at the winter solstice, when it culminates 
23"^ 27' south of the zenith. The days and nights are equal 
throughout the year. 



Explanation. Fig. S3 showH the right 
sphere projected on the plane of the 
solstitial colure, the equinoxes being in 
the horizon; HE' is the projection of 
the horizon; ZZ' is the projection of 
the prime vertical ; and KK' la the pro- 
jection of the ecliptic ; KB is the projec- 
tion of the sun's diurnal circle at the 
summer solstice ; and CK' is the projec- 
tion of its diamal circle at the winter 
solstice. 



Second Aspect. — The par- 
allel sphere. At either 
pole, say the north pole, the 
horizon of the observer coin- 
cides with the equator, and always remains fixed in position. 
The diurnal circles are all parallel to the equator. The 
fixed stars neither rise nor set, but circle around, remaining 
always at distances from the horizon equal to their respect- 
ive declinations. Those north of the equinoctial are always 
above the horizon, and those south of the equinoctial are 
always below the horizon. 
The sun is in the horizon, or rises, at the vernal equinox; 




Fig. 22. The Right Sphere. 
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it then ascends slowly till the summer solstice^ when its dis- 
tance above the horizon is 23^ 2T ; from that time it de- 
scends till the time of the autumnal equinox^ when it is 
again in the horizon, or sets. From this time till the next 
yemal equinox it remains below the horizon. Hence, we 
say that the days and nights at the pole are six months in 
length. 




Fig. 28. The Parallel Sphere. 



Explanation. The fignre repreeents the 
parallel sphere projected on the plane of 
the equinoctial ; BAQV is the equinoctial ; 
y is the vernal equinox ; A is the autumnal 
equinox ; and YA is the line of equinoxes ; 
VSA is the projection of that half of the 
ecliptic which lies north of the equinoctial, 
8 being the projection of the summer sol- 
stice; SBS' is the projection of the sun's 
diamal circle on the day of the summer 
solstice. 



Third Aspect. — The ob- 
lique sphere. To an ob- 
server at any point between 
the equator and either pole, 

say at a point between the equator and the north pole, 
the horizon is oblique to the axis of the earth, the angle of 
inclination being equal to the latitude of the place. The 
diurnal circles are all oblique to the horizon, the angle of 
inclination counted from the south point being equal to 
the complement of the latitude, that is, to the co-latitude of 
the place ; all of these circles except the equinoctial itself 
are unequally divided by the horizon. For bodies south of 
the equinoctial the part above the horizon is less than the 
part below, and for bodies north of the equinoctial the part 
above the horizon is greater than the part below ; hence, a 
body whose declination is south is longer below than it is 
above the horizon, and a body whose declination is north is 
longer above the horizon than it is below. 

A circle described about the north pole, with. a. «^\v^x\e.'^ 
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radias equal to the latitude of the place, is called the circle 
of perpetual apparition, and a circle aboat the south 
pole with an equal radius is called the circle of i>er- 
petiial occultation. 

All bodies north of the circle of perpetual apparition are 
always above the horizou, and all bodies south of the oircle 
of perpetual occultation are always below the horizon, that 
is, they are perpetually invisible. 

If a body's declination is less than the latitude of the 
place, it culminates south of the zenith ; if its declination 
is equal to the latitude, it culminates at the zenith ; and if 
its declination is greater than the latitude it culminates 
north of the zenith. 




Pig. 24. The Oblique Sphere. 



EzPLANATiOH. The figure represoiti 
the projection of the oblique Bpfa^re on 
the plane of the solstitial colnfe, the 
equinoxes being in the horizon ; PP^ is 
the axis of the heavens ; Z is the j»nith 
of the place (supposed to be In north lati- 
tude) ; HE' is the projection of the hori- 
zon ; QQ' is the projection of the equi- 
11 ' noctial; KK' is the projectio>n of the 
ecliptic ; K being the summer and K' the 
winter solstice ; KB Is the projection of 
the sun's diurnal circle on the Slst of 
June ; AK' is the projection of the snn*B 
diurnal circle on the Slst of December; 
HZ is the projection of the circle of per 
petual apparition ; and H^ is the pro- 
jection of the circle of perpetual occulta- 
tion. The latitude of the place is equal 
to the angle Q'EZ, or to the angle HEP. 



When the sun is at either equinox it rises due east, cul- 
minates at a point whose distance south of the zenith is 
equal to the latitude of the place, and sets due west At 
these times the days and nights are equal. When the sun 
is south of the equinoctial, that is, from the autumnal to 
the vernal equinox, it rises to the south of east, and sets to 
the south of west, the days being shorter than the nights. 
When the sun is north of the equinoctial, that is, from the 
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yemal to the autumnal equinox^ it rises to the north of east 
and sets to the north of west^ the days being longer than the 
nights. When the sun is at the winter solstice the days are 
shortest and the nights longest; when the sun is at the 
summer solstice the days are longest and the nights are 
shortest. 

From what has been said above, we see that the difference 
between the lengths of the days and nights depends upon 
the latitude of the place and the position of the sun in its 
apparent path amongst the stars. 

Additional Definitions. 

40. The diurnal circles of the sun, when at the solstices, 
are called Tropics, the northern one being the Tropic of 
Cancer, and the southern one being the Tropic of 
Capricorn. 

The diurnal circles through the poles of the ecliptic are 
called Polar Circles, the northern one being the Arctic 
Circle, and the southern one being the Antarctic Circle. 

Corresponding circles on the surface of the earth are 
called by corresponding names. 

At the tropics the inequality in the lengths of days and 
nights varies from to 2h. 54m. ; between the tropics and 
polar circles it varies from to 24 hours ; and within the 
polar circles it varies from to 6 months. 

Varying Inclination of the Ecliptic to the Horizon. 

41. The ecliptic being oblique to the axis of the heavens, 
its inclination, with respect to the horizon, will be variable. 
It makes the greatest angle with the horizon when the ver- 
nal equinox is at the west point of the horizon ; this angle 
is equal to the co-latitude of the place plus the inclination 
of the ecliptic. It makes the least angle with the horizon 
when the vernal equinox is at the east po\wt o^ \.\vfe\iQ.TVLft\!i\ 
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this angle is equal to the co-latitude of the place, minus the 
inclinatiou of the ecliptic. 

At a place whose latitude is 40°, the oo-latitude is 50"*, the greatest 
incliaatioii of the ecliptic to the horizon is TS"* 27', and the least incli- 
nation is 26*" 33^. The inclination may have any value between these 
limits. 



Proper Motion of the Stars. 

42. The bodies heretofore considered, that is, the stars 
and nebulcBy though regarded as fixed, are really in motion, 
but on account of their enormous distances from as and 
from each other their motions are scarcely perceptible ; they 
are indeed so slight that thousands of years would be re- 
quired to produce a change of relative position that would 
be apparent to the naked eye. Of the stars that are found 
to have a proper motion, that is, a motion with respect 
to the other stars, only a few move more than a single 
second of arc in a year, whilst by far the greater number 
move but a few seconds in a century. A part of what is 
usually called the proper motion of the stars is due to the 
motion of the sun, which belongs to the same class of bodies 
as the stars, and which, like them, is undoubtedly moving 
through space, carrying the planets and their satellites 
with it. 

The bodies we are next to consider are much nearer to us than the 
stars, and for this reason their motions are more obvious. 



III. THE SOLAR SYSTEM. 

Bodies that Constitute the Solar System. 

43. We have already seen that the sun appears to have 
a progressive motioD from west to east, completing the cir- 
cuit of the heavens in a period that we call a yeax. 

The moon also has a progressive motion from west to 
east among the stars, advancing at an average rate of a 
little more than 13° a day, completing the circuit of the 
heavens in about 27| days. In her eastward motion she 
gains on the sun a little more than 12° per day, so that if 
the two bodies have the same right ascension, at any time, 
their right ascensions will again be the same after a period 
of about 29^ days, which period is called a Itmax month. 

Besides the sun and moon, whose eastward motion is pro- 
gressive and comparatively regular, there are other bodies 
that move irregularly among the stars, sometimes ad- 
vancing, that is, moving from west to east, and sometimes 
retrograding, that is, moving from east to west. The arcs 
through which they advance are always greater than those 
through which they retrograde, so that they ultimately 
complete the entire circuit of the heavens, which they do 
in periods ranging from a little less than 3 mouths up to 
more than 164 years. The principal bodies of this class are 
called planets, and the minor ones planetoids. 

Many of the planets are accompanied by secondary bodies 
that revolve around them as centres in the same way that 
they themselves revolve around the sun. These bodies are 
called satellites ; thus, the moon is a satellite of the earth. 

If to these we add comets, which occasionally appear in 
the heavens and meteoric streams, wklcb. «^\il \iCk V^ 
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closely allied to comets, we have all the bodies whose mo- 
tions can readily be observed. 

The bodies above enumerated, including our earthy which 
is a planet, constitute a closely connected group called the 
solar system. 

Plan of the Solar System. 

44. 1°. The sun is the central body of the system. As 
already stated, the sun belongs to the same class of bodies 
as the stars ; like them it has its own proper motion through 
space, but this motion is so small that it may be disregarded 
in a general view of the heavens ; we may therefore regard 
its position as fixed. 

2°. The planets, of which eight are now known, revolve 
around the sun from west to east in orbits that are nearly 
circular, and whose planes are but slightly inclined to each 
other. These orbits are really ellipses, each of which has 
one focus at the sun. 

The names of the planets, in the order of their distances 
from the sun, and the signs by which they are designated, 
are as follows : 1st. Mercury, ^ ; 2d. Venus, ? ; 3d. Earth, 
© ; 4th. Mars, S ; 5th. Jupiter, U ; 6th. Saturn, h ; 7th. 
Uranus, ^ or 6 ; and 8th. Neptune, f. Mercury and 
Venus, being nearer to the sun than the earth, are called 
inferior planets ; Mars, Jupiter, Saturn, Uranus, and 
Neptune are called superior planets. 

The orbits of the planets are so little inclined to each other that 
they are all included within a cylindrical disk, whose diameter is 
twice the greatest distance of Neptune from the sun, and whose 
height, or thickness, is considerably less than ^ of its diameter. 
This disk, whose bases are symmetrically situated with respect to the 
ecliptic, is thinner in proportion to its diameter than the thimiest of oar 
^vernment coins, and it has been found by observation that it always 
retains a fixed position with respect to the stars. Hence, for the ordi* 
nary purposes of description we may regard the planets as revolving 
in orbits which lie in the plane of the ecliptic. 
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3°. The planetcdds, of which more than 230 are now 
known, reyolve around the sun from west to east in ellipti- 
cal orbits, each of which has one of its foci at the sun. 

The planetoids differ from the planets in several partic- 
ulars, the most noticeable of which are the following : 
1st, they are vastly smaller than the smallest planet ; 
2dly, their orbits are much more excentric ; and 3dly, 
the planes of their orbits are generally much more in- 
clined to the ecliptic. 

4°. The satellites, of which 20 are now known, revolve 
around their prir/mries, that is, around the planets to which 
they belong, and at the same time they accompany these 
planets in their journey ai'ound the sun. 

Of the known satellites, the earth has 1, Mars 2, Jupiter 
4, Saturn 8, Uranus 4, and Neptune 1. Of these, the first 
15 revolve around their primaries in the same direction that 
the planets revolve around the sun, that is, their motions 
are direct ; the remaining 5 revolve around their primaries 
in an opposite direction, that is, their motions are retro- 
grade. 

5°. The comets which appear from time to time, re- 
volve around the sun in orbits that are always more excen- 
tric, SLud frequently more inclined to the ecliptic, than those 
of the planetoids. In some cases their motions are direct, 
and in some cases they are retrograde. 

The orbit of a comet may be an ellipse, a parabola, or an 
hyperbola, but it always has one of its foci at the sun. 
Those comets which are permanent members of our system 
move in extremely elongated ellipses. 

6°. The meteoric streams, which consist of myriads of 
minute bodies scattered over immense spaces, revolve around 
the sun in orbits that resemble those of the permanent 
comets of our system, with some of which they appear to 
be closely connected. 
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Definitions and Principles. 

45. Because the orbits of the planets are ellipses, each 
having one of its foci at the sun, the distance of any planet 
from the sun is continually changing ; when nearest the 
sun it is said to be in perihelion, and when farthest from 
the sun it is said to be in aphelion. 

The perihelion and the aphelion points of any orbit are 
the vertices of its transverse, or major axis; the former 
is sometimes called the lower, and the latter the upper 
apsis, and in this case the transverse axis itself is called 
the line of apsides. 

A line from either focus of an ellipse to any point of the 
curve is called a radius- vector ; it is shown in analytical 
geometry that the mean or average value of all the radii- 
vectores that can be drawn from either focus of an ellipse to 
the curve, is equal to the semitransverse axis of that ellipse. 
Hence, the mean distance of any planet from the sun 
is equal to half the sum of its perihelion and aphelion dis- 
tances. 

The excentricity of an ellipse is the distance from its 
centre to either focus divided by the semitransverse axis, or 
wliat is the same thing, it is equal to the distance between 
its fod divided by its transverse axis. Hence, the excen- 
tricity of the orbit of a planet is equal to the difference he- 
tween its aphelion and perihelion distances, divided by the 
sum of those distances. 

Dimensions of the Planetary Orbits. 

46. The mean distance of the earth from the sun, in 
terms of which the mean distances of all the other planets 
are expressed, is itself dependent on the solar parallax, 
that is, on the semi-angle subtended by the earth as seen 
from the sun. The determination of this angle has occu- 
pied much of the attention of astronomers for a long period 
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of time, and Prol Newcomb, in summing np the results 
deduced from all the different methods that have been used, 
but not including those of the various expeditions that were 
sont out to observe the transits of Venus in 1874 and 1882, 
says that its value is probably between 8".82 and 8". 86. If 
we take the mean of them, or 8". 84, as the true value of 

MARS 




Vig. 96. Diagram of Uie orbite of the fonr interior planets. 

Ezrukif ATioN. The scale of the dia^fram is one inch to 9i\ millions of mUes. 
The san being at 8, the direction of Y-B from 8, is that of the yemal eqainoz ; and 
the perihelion point of each orbit is shown by the place of the sign, that designates 
the corresponding planet. 



the parallax, the mean distance of the earth from the sun 
is nearly 92^ millions of miles. Assuming this as the cor- 
rect distance of the earth from the sun, tJv^ xafiwa. 4\^\»w:ft»» 
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of all the planets, to the nearest quarter of a million of miles, 
are given in Table I. The same table gives the excentricity 
of each of the planetary orbits with the corresponding 
perihelion and aphelion distances, to the nearest quartei^f 
a million of miles. 




Fig. 26. Diagram of the orbitB of the four exterior planetB on a smaller scale. 

ExFLANATioir. The scale of the diagram is ^ ot an inch to 99| millions of 
miles. In order that it may be compared with the preceding diagram, it must be 
enlarged 20 times in all directions ; S is the place of the son ; the direction flrom 
S to V-E is that of the vernal eqninoz ; and the perihelion points of the difleient 
orbits are denoted by the places of the signs that designate the corresponding 
pl&aets. 



The orbits of the planetoids are situated between those 
of Mars and Jnpiter, the mean distances of the planetoids 
being greater tbau ^00 millions of miles, and less than 330 
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millions of miles. The exeentricities of the orbits of the 
planetoids range from .0229 up to .3468, the average value 
being about 2^ times as great as that of the planetary orbits. 



TABLE I. 



1 

Name of 
Planet. 


Mean distance 

in miUionB of 

miles. 


Excentricity 
of orbit 


Perihelion 
distance. 


Aphelion 
distance. 


Mercury 

Venus 

Earth 

Mars 

Jupiter 

Saturn 

Uranus 

Neptune 


35} 
66} 
92| 
141 
480 
881 
1771 
2775 


.2056 
.0068 
.0168 
.0988 
.0488 
.0560 
.0464 
.0090 


28} 

66^ 

91 

128 

457 

882 

1689 

2750 


48 

67J 

94 

154 

508 

980 

1858 

2800 



Note. — Prof. Young, in his recent work on the sun, is inclined to 
adopt 8^^. 8 as the most probahle yalue of the solar parallax. This 
would make the earth's mean distance from the sun nearly one-half of 
one per cent greater than that given in Table L, and would require 
a proportional change in all the other distances in the table. It 
would also require a corresponding change in the values of the quan- 
tities given in Table II. 



Distribution of Volumes and Masses. 

47. It has been shown from geodesic surveys that the 
earth has the shape of an oblate spheroid, that is, of a 
sphere flattened at the poles, its equatorial diameter being 
about 7925.6 miles and its polar diameter about 7899.2 
miles. It has been found by astronomical observation that 
Mars, Jupiter, and Saturn are also oblate spheroids, but 
evidences of flattening have not been discovered in any of 
the remaining planets. The diameter of the sun and the 
greatest and least diameters of each of the planets are given 
in Table II. ; that table also contains the volumes of these 
bodies in terms of the earth's volume, which is taken as a 
unit. This table has been computed on the supposition 
that the solar parallax is 8". 84; should axi^ coTC^^\Asm\^ 
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made in this element, it would require a corresponding cor- 
rection ia the table. The relatire diameters of the planets 
are shown in Fig. 27. 

The masses of the planets, 
by which we mean the 
quantities of matter thej 
contain, are the same as 
those given hy Prof. New- 
comb, except that the earth 
has been taken as a unit in- 
stead of the snn. He says 
that the masses of many of 
the planeta are still very un- 
certain, for the reason thai 
exact observations have not 
as yet been continaed long 
enough to admit of their 
satisfactory determination. 
He also says that the diame- 
ters are uncertain iu many 
cases, but especially in those 
of the outer planets, TJraDus 
and Neptune. 




Bodj. 


DlMueceilDinJlM. 


£2S"='i. 


^^U 


Oreateal. 


Lettt. 




860,000 
2,990 
7.660 
7,925 

e7;770 
73,980 
81.690 
34,800 


860,000 
2.990 
7,660 
7,899 
4,196 
82,570 
65,680 
81,690 
84,800 


1,281.900 

.004 

.9068 

I 

.1506 

1,282 

704 

64 

85 


S36.800 
.065 
.769 
1 
.11 
818 
93 
14 
17 




Earth 








Neptone 
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It will be seen from the table that the volume of the sun is more 
than 600 times the aggregate of the volumes of all the planets, and 
that the mass of the sun is more than 700 times the combined masses 
of all the planets. 

Popular Illustrations. 

48. To illustrate the relative magnitudes and distances 
of the sun and planets, take an ordinary 36-inch globe to 
represent the sun and pass a horizontal plane through its 
centre to represent the ecliptic in which we suppose all the 
planets to move. Then, on the same scale, Mercury will be 
represented by a globule whose diameter is -J of an inch, 
and its orbit will be represented by a circle whose diameter 
is 250 feet ; the diameters of Venus and the Earth will each 
be about ^ of an inch, the orbit of the former having a 
diameter of 468 feet, and that of the latter a diameter of 
646 feet; Mars will be represented by a globule ^ of an 
inch in diameter, and its orbit will have a diameter of 984 
feet ; Jupiter, the ** giant planet " of the system, will have 
a diameter of 3^ inches, and its orbit will be 3,360 feet 
across ; Saturn will be represented by a ball 3 inches in 
diameter, and its orbit will have a diameter of 6,160 
feet ; XJranus and Neptune will be represented by balls 
whose respective diameters are 1^ and 1^ inches, the for- 
mer moving in a circle whose diameter is 13,390 feet, and 
the latter in one whose diameter is 19,380 feet, or more 
than 3^ miles. 

Some idea may be formed of the enormous distance from 
the sun to Neptune if we recollect that a railway train 
whose speed is 38 miles an hour would require three years 
to accomplish a million of miles. A body traveling at 
this rate would require more than 8,000 years to traverse 
the distjince from the sun to Neptune, and more than 
50,000 years to accomplish the entire circuit passed over 
by Neptune in his journey around the sun. And yet 
these distances, which are almost inconceivabbf ^<ia.^^ 
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dwindle into insignificance in comparison with the still 
greater distances that separate the sun from the nearest 
of the fixed stars. 

Definitions and Principles. 

49. In determining the relative positions of the bodies 
belonging to the solar system, it is often convenient to re- 
fer them to the ecliptic instead of to the equinoctial. In 
this case the elements of reference are called celestial lati- 
tude and celestial longitude* 

The celestial latitude of a body is its angular dis- 
tance from the ecliptic ; it is measured on the arc of a 
great circle passing through the body and perpendicular 
to the ecliptic. It is positive when the body is north of 
the ecliptic, and negative when the body is south of the 
ecliptic. 

The celestial longitude of a body is the angular dis- 
tance from the vernal equinox to the foot of an arc passing 
through the body and perpendicular to the ecliptic. It is 
reckoned from the vernal equinox around to the east 
through 360°, and is always positive. 

Sometimes the place of a body is referred to the centre of 
the earth, and sometimes to the centre of the sun ; in the 
former case it is said to be geocentric, and in the latter it 
is heliocentric. Thus, \hQ geocentric lowgiin^Q of a heav- 
enly body is its longitude as seen from the centre of the 
earth, and its heliocentric longitude is its longitude as seen 
from the centre of the sun. 

When the terms latitude and longitude are used without 
qualification they are to be understood as meaning geocen- 
tric latitude and longitude. Latitudes and longitudes of 
the heavenly bodies cannot be found by direct observation, 
but when we know the obliquity of the ecliptic, together 
with the right ascension and declination of a body, we can 
compute its latitude and longitude. 
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Explanation. Y is the vernal eqninoz; 
TR an arc of the equinoctial ; YD an arc of 
the ecliptic ; P the place of a hody ; QP, per- 
pendicular to VR, is the declination, and YQ 
the right ascension of P ; CP, perpendicular to 
YD, is the latitude, and VC the longitude of P ; 
and PY is an arc' of a great circle. 




Fig. 98. 



When we know QV and QP in the 
right-angled triangle VQP, we can find, by the principles of trigonom- 
etry, the angle QVP and the arc VP. In the right-angled triangle 
VPC the angle CVP is equal to the diflTerence between QVP and the 
obliquity RVD, and consequently we can find CP and VC, the latitude 
and the longitude of P. 

50. Two bodies are in conjunction ( d ) when they have 
the same longitude ; they are in opposition ( 8 ) when their 
longitudes diflfer by 180° ; and they are in quadrature ( D ) 
when their longitudes differ by 90°, or by 270°, 

When two bodies have the same right ascension they are 
said to be in conjunction in right ascension, and when their 
right ascensions differ by 12h. they are said to be m opposi- 
tion in right ascension. 

The terms conjunction and opposition are used in the former sense 
when the places of the bodies are given by longitudes and latitudes, 
and in the latter sense when their places are given by right ascensions 
and declinations. In determining the times of new and full moon it 
is customary to use these terms in the former sense, but in the compu- 
tation of eclipses and occultations it is found to be more convenient to 
use them in the latter sense. 

An inferior planet has two kinds of conjunction with the 
sun : it is in inferior conjunction when it is between 
the earth and the sun, and in superior conjunction when 
the sun is between it and the earth. 

The elongation of a body is its angular distance from the 
sun. The elongation may be reckoned on the great circle 
passing through the body and the sun, but more commonly 
it is reckoned on the ecliptic, in which case\t\» ^Q^«\\ft^^ 
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difference between the longitude of the body and that of the 
8nn. 

A superior planet may have any elongation from 0°, when 
it is in conjunction, up to 180°, when it is in opposition. 
The elongation of Mercury is never greater than about 39°, 
and that of Venus is never more than 48°. When a planet 
is in eastern elongation it sets after the sun and is called 
an evening star ; when in western elongation it rises be- 
fore the sun and is called a morning star. 

51. The periodic time of a planet is the time required 
for the planet to make a complete revolution around the 
sun. 

The synodic period of a planet is the interval between 
two successive conjunctions of the planet with the sun, or 
between two successive oppositions of the planet and the 
sun. 

It will be shown hereafter that the periodic time of a planet can be 
found when we know its synodic period and the periodic time of the 
earth. 

The inclination of the orbit of a planet is the an- 
gle between the plane of the orbit and the plane of the 
ecliptic. 

The nodes of a planet are the points in which the orbit 
of the planet intersects the plane of the ecliptic. The 
ascending node is the point at which the planet passes 
from the south to the north side of the ecliptic, and it is 
often designated by the sign Q ; the descending node is 
the point at which the planet passes from the north to the 
south side of the ecliptic, and it is designated by the 
sign e3- 

The line of nodes is the line joining the ascending and 
the descending node ; it is the intersection of the plane of 
the planet's orbit with that of the ecliptic. 
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TABLE III. 





Periodic time. 








• 


Body. 




Synodic 
period 


Inclina- 
tionof 


Heliocentric 

Long, of 
Perihelion. 


Heliocentric 
Long, of 








In days. 


In 

years. 


in days. 


orbit. 


An. node. 


Mercury.. 


87.97 


0.24 


115.9 


7°.00 


75M2 


46°.66 


Venus 


324.70 


0.62 


583.9 


3^39 


129^45 


75°.33 


Earth .. 


865.25 


1.00 


.... 


• • • • 


100°.36 


• • • • 


Mars 


686.98 


1.88 


779.8 


l^85 


333°. 30 


48^40 


Jupiter.. . 


4.332.58 


11.86 


398.8 


1°.31 


11^92 


98°.94 


Saturn . . . 


10.759.22 


29.46 


378.0 


2°.49 


90\07 


112^85 


Uranus... 


30,886.82 


8401 


369.7 


0°.77 


170^65 


73^.24 


Neptune. . 


60,126.71 


16462 


367.5 


1°.78 


49M5 


130M2 



Kepler's Laws and the Newtonian Law. 

52. Early in the 17th century Kepler announced three 
laws of planetary motion, which have since been known as 
Kepler's laws. They are as follows : 

1°, The orbit of each planet is an ellipse, one focus 
of which is at the sun, 

2°. As the planet revolves around the sun its 
radius-vector sweeps over equal areas in equal 
times. 

t?°. The squares of the times of revolution of the 
plcCnets are proportional to the cubes of their mean 
distances from the sun. 

These three laws would be rigorously true if the planets 
were material points, but in consequence of the mutual 
attraction of the planets upon each other the laws require 
slight corrections. These corrections, or rather the changes 
that call for the corrections, are called perturbations. 

Sir Isaac Newton showed that Kepler's laws were simple 
consequences of a more general law, which is known as 
Newton's law of universal gravitation. This law 
may be enunciated as follows : 
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Every particle of matter in the solar system at- 
tracts every other particle, with a force that varies 
directly as the mass of the attracting particle, and 
inversely as the square of the distance between the 
particles. 

The attraction between two bodies is mutual, that is, each particle in 
one acts upon every particle of the other according to the above law. 
If, therefore, we take the mutual attraction of two units of mass at a 
unit's distance from each other as the unit of attraction y and call it 1, 
the mutual attraction of two bodies whose masses are m and m' at the 
unit's distance will be m x m! , and at the distance d it will be m x m' 
divided by d*. Hence, the measure of the mutual attraction of two 
bodies is equal to the product of their vuisses divided by the square of 
the distance hetween them. 

It is certain that the Newtonian law extends throughout the solar 
system, and it is extremely probable that it holds good throughout the 
physical universe. 



IV. THE EARTH. 

Astronomical Importance of the Earth. 

53. The Earth is one of the smallest of the planets, but 
from an astronomical point of view it is the most important 
of them all. Its distance from the sun is the primary 
unit in terms of which we measure the dimensions of the 
solar system ; its mass is the unit employed in measuring 
the masses of all the other bodies of the system ; the period 
required for it to revolve on its, axis gives us one ulti- 
mate unit of time ; and finally, it is the standpoint from 
which we observe all the phenomena of the heavens. 

These relations seem to indicate that its study should precede that 
of the other bodies of the solar system. 

General Form of the Earth. 

54. By the general form of the earth we mean the form 
that it would present to an observer at a distance so great 
as to render inappreciable the irregularities of hill and dale 
that roughen its surface. That this form is globular may 
be inferred from the following considerations : 

1°. Froni its appearance as seen from different points. 
Its apparent form is best seen at sea. If we stand on the 
deck of a vessel out of sight of land, or if we ascend to the 
mast-head, the visible part of the ocean seems to be limited 
by the circumference of a circle. In like manner if we view 
the earth from a mountain- top, or from a balloon, its out- 
line always seems circular. Inasmuch as a globfe \s» NJtvfe q>x^^ 
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body that appears circular from every point of yiew, we are 
led to infer that the earth is globular. 

Universal experience shows that the more elevated the point of 
view, the more extended is the visible part of the earth's surface, and 
consequently the more elevated an object is, the greater the distance 
from which it is visible. Thus, at sea an approaching vessel first 
shows the tops of her masts, then her principal sails, and finally her 
hull comes in sight ; also, when a receding vessel has entirely disap- 
peared from the view of an observer on deck, she again becomes visi- 
ble if be ascends to the mast-head. 

• 

2°. From analogy. Observation shows us that all the 
other bodies of the solar system are globular y and we may 
infer from analogy that the earth does not differ from them 
in form. 

3°. From actual measurement. Actual measurement of 
arcs of meridians and circles of latitude show that the earth 
is globular, but not quite spherical. Its real form is that of 
a sphere flattened at the poles, but the flattening is so slight 
that we may, for the purposes of descriptive astronomy, 
regard it as truly spherical. 

Comparative Roughness of the Earth's Surface. 

55. The loftiest mountain on the surface of the earth 
hardly exceeds 5 miles in height, which is only xjVir ^^ *^® 
earth's diameter. On a 16-inch globe such a mountain 
would be represented by an elevation of y^ of an inch, 
which is about the thickness of ordinary drawing-paper. 
But the average elevation of even the most mountainous 
countries does not amount to the fifth part of this, so we 
may truly say that the inequalities of hill and valley are 
insignificant in comparison with the entire earth. The 
greatest depths of the ocean are not much more than 5 
miles, and its average depth is very much less than this, so 
that the depth of the ocean is also insignificant in compari- 
son with the diameter of the earth. 



THB EABTH. 75 

Dimensions of the Earth. 

56. Having ascertained that the earth is globular, an ap- 
proximate value for its diameter may be found as follows : 

A meridian line of suitable length is laid out by the aid 
of a portable transit instrument and its two ends are marked 
by signals. The length of the line is then determined by 
geodesic survey, and the latitudes of its extreme points are 
found by one of the methods yet to be explained. Assum- 
ing the earth to be an exact sphere and the measured arc to 
lie wholly on one side of the equator, the difference between 
the latitudes found will be the angle subtended by the arc 
as seen from the centre of the earth. The length of the 
entire circumference, or the length of a single degree, may 
then be found by means of the geometrical principle that 
the length of any arc of a circumference is proportional to 
the angle that it subtends. 

Denoting the length of the measured arc hy I, the correspondmg 

angle at the centre by n°, and the circumference of the earth by c, we 

360 
have the proportion, n° : I :: 360° : e; .', e = -^ x L 

The diameter is equal to the circum- 
ference divided by tt, that is, by 3.1416 ; 
it is found to be a little more than 7,900 
miles. 

Again, if we denote the length of 1° 
of the meridian by d, we have the pro- 

l 
portion n° :l ::V :d; ^', d = —. 

BxFLANATiOK. AC is the measured arc, / ; 

Q'EA is the latitude of A : and Q'EC is the ^^v ,^>^> 

latitude of C. pjgjjg Diagram. 

When the lengths of a degree of the meridian are meas- 
ured in different latitudes it is found that they are longer 
the nearer they are to the pole, from which it is to be in- 
ferred that the meridians become less curved, \Xi^\. Sa*,^^^ 
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grow flatter as they approach the poles. From a great num- 
ber of arcs measured in different latitudes and on different 
meridians it has been shown that the true form of the earth 
is that of an oblate spheroid, that is^ of a volume generated 
by revolving an ellipse around its shorter axis. Prof. Airy 
showed by a process of the higher mathematics that the 
longer axis of this ellipse, or, in other words, the equa- 
torial diameter of the earth, is equal to 7925.648 miles, 
and that the shorter axis, or the polar diameter of the 
earth, is 7899.17 miles in length. If we define the mean 
diameter of the earth to be the diameter of a sphere whose 
volume is equal to the actual volume of the earth, we can 
easily show that it is equal to 7916.81 miles; hence we say 
in round numbers that the mean diameter of the earth ip 
equal to 7917 miles. 

Its Ellipticity and the Equatorial Protuberance. 

57. The ellipticity of an oblate spheroid is measured by 
the difference betiveen its greatest and least diameters divided 
by its greatest diameter. 

The difference between the greatest and least diameters of the earth 

OA Ana 1 

is 26.478 miles : hence its eUipticity is equal to ^^^ .- or to 



7935.648 299.33 

If we imagine a sphere to be described on the polar diame- 
ter of the earth, that portion of the earth which lies without 
the sphere is called the equatorial protuberance. 

The equatorial protuberance is 13.239 miles thick at the equator, 
and grows thinner as it approaches the poles, where its thickness is 0. 
The volume of the equatorial protuberance is about yj^ of the entire 
volume of the earth, although its mass is probably not more than ^Jr 
of the entire mass of the eafth. 

Probable Cause of the Earth's Spheroidal Form. 

58. The earth's rotation gives rise to a centrifugal force 
in each of its particles whose direction is perpendicular to 
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the axis and whose intensity is equal to the continued 
product of the mass of the particle, the square of its angu- 
lar velocity, and its distance from the axis. If the cen- 
trifugal force acting on each particle is resolved into two 
components, one in the direction of tjae vertical through 
the particle and the other perpendicular to it, the former 
will always act to diminish the apparent weight of the par- 
ticle, and the latter will tend to draw it toward the equator. 
The general effect of these two components is to heap up the 
matter of the earth in the neighborhood of the equator, and 
this action must go on till an equilibrium takes place be- 
tween all the forces acting on each particle, (Peck's Ele- 
mentary Mechanics, Art- 1^8). Now, it has been shown, 
by means of the higher analysis, that the form of equi- 
librium of a plastic body, whose matter is distributed as 
we have reason to suppose is the case in our earth, is that 
of an oblate spheroid whose shape is that which our earth 
has been shown to have. We therefore infer that the earth 
was probably once in a plastic condition, and that its present 
form is due to the combined action of gravity and the cen- 
trifugal forces upon each of its particles. 

This inference is strengthened by the fact that other 
planets are flattened at the poles, and that those which 
revolve more rapidly than the earth are still more flattened 
than it. 

It is to be noted that the amount of flattening of a rota- 
ting mass will depend not only on the rapidity with which 
the body rotates, but also on the relative distribution of its 
matter with respect to density. 

The Torsion Balance. 

59. The torsion balance is a species of horizontal pen- 
dulum used to measure small horizontal forces. It consists 
of a slender rod of homogeneous material terminating in 
two equal metallic balls and suspended at \\» m^^\^ ^^^^o^ 
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by a delicate wire. The upper end of the wire is attached 
to a fixed support and the rod is so placed that it can re- 
volve freely in a horizontal plane. 

Q Explanation. A and B in Fig. 90 are spheri- 

r cal balls of metal; DC is a raspending fibre or 

wire ; and AB is a horizontal rod of wood or other 
homogeneous substance. 

The wire DC is firmly attached to a fixed ceiling 
atD. 

When this wire is twisted by turn- 
ing the rod in azimuth, its elasticity 
B is called into play, and when the rod 
^ is set ffee, it is forced back to its 

Pig. ao. ToMion balance. Original position, which it reaches 

with a living force sufficient to carry 
it as far to the other side ; a force of torsion is thus de- 
veloped in an opposite sense, which causes the pendulum 
again to return, and so on indefinitely. The vibration 
thus set up is in all respects similar to that of an ordinary 
pendulum, and when we know the time of a single vibra- 
tion (which is independent of the length of the arc of 
vibration), it is a simple matter to compute the value of 
the force that must be applied to either ball to turn the 
rod through a unit of angular measure. Again, knowing 
this force, we can easily compute the force that would be 
necessary to turn the rod through any other angle; for, the 
force necessary to turn it through an angle n is equal to n 
times the force necessary to turn it through the angle 1. 

When equal and opposite horizontal forces are applied 
to the two balls they both tend to turn the rod in the 
same direction, and consequently the angle through which 
the rod is turned will be the same as though a single force 
equal to the sum of the two had been applied to one of the 
balls. 
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Mass and Density of the Earth. 

60. Several methods have been employed to determine 
the mass of the earth, all of which depend upon find- 
ing the relation between the attraction exerted by an object 
of known mass on a given body, and the attraction exerted 
by the earth on the same body. Of these, the simplest, and 
perhaps the most reliable, is that known as the method 
of Cavendish. 

By this method the attractions exerted by two leaden 
balls is measured by means of a torsion balance, and the 
resulting acceleration is then compared with that of 
gravity. 



Explanation. A and B 
Are heavy leaden balls ; CD is 
a horizontal swinging bar; 
and BF ia a Tortical axis 
aronnd which the balls may be 
made to revolve by means of v/ 
the pulley O and the driving- 
belt QH. 
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Fig. 81. Part of the Cavendish apparatus. 



The essential parts 
of the Cavendish ap- 
paratus are a torsion 
balance and two heavy leaden halls mounted on a horizontal 
bar so that they can be turned around an axis whose direc- 
tion coincides with the suspending wire of the balance. The 
manner in which the leaden balls are mounted and the 
method of turning them in azimuth are shown in Fig. 31. 
A horizontal plan of the apparatus is shown in Fig. 32. 

In using the apparatus the leaden balls are first brought 
to the positions P", Q", in which case they have no ten- 
dency to move the balance, and the readings of the scales K 
and L are noted. The balls are next brought into the posi- 
tions P', Q', in which case they act to turn the balance in 
the direction indicated by the arrow heads, and when the 
instrument comes to rest, the readings o? l\\^ ^e.^<^^ ^x^ 
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again noted. From these readings we can find the corres- 
ponding angle of torsion, that is, the angle through which 
the balance is turned by the attraction of the leaden balls. 

The swinging bar is then turned so that the heavy balls 
shall occupy the positions P, Q, symmetrical with Q', P' ; in 
this case the forces of attraction turn the balance in an 
opposite direction, and in the same manner as before the 
value of the new angle of torsion is found. 



t=i — ID 




Fig. 32. Plan of the Cavendish apparatns. 

ExFLANATiON. KL is the horizontal projection of the torsion balance, O be- 
ing the projection of the saspending wire ; at K and L are two scales of equal parts 
attached to the balls of the balance and perpendicular to KL ; T and T' are two 
fixed telescopes for reading the scales ; P and Q are the leaden ]>aUs, which can be 
80 turned as to occupy either of the positions P'Q', or T^^Qf', 



From these values of the angles of torsion we can, in ac- 
cordance with the principle referred to in the preceding 
article, find the force of attraction exerted by each of the 
leaden balls upon the corresponding ball of the balance. 
The distance, d, between the large and the small ball in each 
case, is known from the relation between the parts of th© 
apparatus. 
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If we denote the acceleration due to the attraction of a leaden ball 
at the distance d hyf^ the acceleration due to the earth's attraction at 
the distance B by ff, the mass of the leaden ball by m, and the mass 
of the earth by M, we shall have by the Newtonian law 

-. ..witf^_ g i? 

All the quantities in the second member of this equation are known, 
and consequently the mass of the earth is known in terms of the mass 
of the leaden ball. 

Knowing the relative masses of the ball and the earth, and also 
their respective volumes, the average or mean density of the earth can 
be found. 

As the result of 17 experiments, Cavendish found the mean density 
of the earth to be 5.48 times that of water ; Reich of Freiburg re- 
peated Cavendish's experiments in 1836, using but one leaden ball 
instead of two, and found the mean density of the earth to be 5.438 
times that of water ; Sir Francis Baily, however, executed the most 
complete set of observations that has ever been made, in 1838-42, 
from which the mean density of the earth was found equal to 5.66 
times that of water. 

The observations made by Dr. Maskelyne, who com- 
pared the attraction of Mt. Schehallien in Scotland with 
the attraction of the earth, made the density of the earth 
equal to 4.71, and those of Prof. Airy, who compared the 
attraction of a shell of the earth with that of the entire 
earth, made the earth ^s density equal to 6.56. 

From all of these results it is inferred that the mean den- 
sity of the earth is not far from 5f times that of water. 

Motions of the Earth and the Seasons. 

61. We have already seen that the earth has two princi- 
pal motions : 1°, it rotates on an axis which maintains a 
fixed direction in space; and 2°, it revolves around the sun 
in an elliptical orbit that differs but little from a circle. 

It is in consequence of the latter motion that the sun 
appears to revolve around the earth in au elliptical orhit. 



82 



ASTEONOMY. 



The line joining the centres of the earth and sun actoallj revolves 
aboat the common centre of gravity of the earth and the sun. Now, 
whether we regard the sun's apparent motion as seen from the earth, 
or the earth's real motion as seen from the sun, the general effect is 
the same, the only difference being that the earth as seen from the sun 
is always 180° in advance of the sun as seen from the earth, both 
being referred to the stars. We may therefore speak of the sun as 
revolving around the earth, if it is understood that we only refer to 
apparent motion. 
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Fig. 83. Parallelism of the Earth's axis. 

Explanation. M in the earthV position March 21st ; J is its position June 
21&t ; S is its position September 22d ; and D is its position December Slst, In 
each case N marks the position of the north pole, and also indicates the direction 
of the earth's axis. 



Besides these motions of rotation and revolution, the 
earth is subject to certain slight motions due to the dis- 
turbing influence of the other bodies of the solar system. 
These irregular motions, which are called perturbations, 
are so small that they may be disregarded in a general view 
of the system. 

The axis of the earth is inclined to the plane of the eclip- 
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tic, that is, to the plane of the earth's orbit, in an angle of 
about 66° 33', and in the course of a year this axis pro- 
longed describes an oblique cylinder whose base is the 
earth's orbit and whose axis passes through the centre of 
the sun and the poles of the heavens. The plane of the 
equator being always perpendicular to the axis of this cylin- 
der, will sometimes pass through the sun, sometimes above 
the sun, and sometimes below it. 

The varying position of the equator with respect to the 
ecliptic gives rise to the changes in light and heat which 
are known as the changes of the seasons. At the 
equinoxes, that is, on the 21st of March and the 22d of Sep- 
tember, the plane of the equator passes through the sun 
and consequently the sun is on the equinoctial. From the 
21st of March to the 22d of September the plane of the 
equator passes below the sun and consequently the sun is 
north of the equinoctial, or in north declination. From 
the 22d of September to the 21st of March the plane of the 
equator passes above the sun, and consequently the sun is 
south of the equator, or in south declination. The sun is 
farthest north at the summer solstice, or on the 21st of 
June, and farthest south at the winter solstice, or on the 
21st of December. 

We have seen that the horizon of a place, not on the 
equator, divides all the diurnal circles, except the equinoc- 
tial, unequally. If the place is north of the equator, say in 
the United States, the greater part of the diurnal circle will 
be above the horizon when the circle is north of the equi- 
noctial, and below the horizon when the circle is south of 
the equinoctial. Hence, at any place in the United States 
the days and nights are equal at the equinoxes; the days 
are longer than the nights from March 21st to September 
22d ; and the nights are longer than the days from Septem- 
ber 22d to March 21st The difference between the lengths 
of the days and nights is greatest at the solstices. 

The wtrouomical year is divided iutQ to\xT Ti^«x\^ ^^'aS^ 
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parts called seasons : the period from March 21st to June 
21st is called spring ; that from June 21st to September 
22d is called summer ; that from September 22d to De- 
cember 2l8t is called autumn ; and that from December 
21st to March 21st is called winter. 

It has been found by observation that the average annual tempera- 
ture of any place on the surface of the earth is nearly constant ; 
hence, we infer that all the heat which the place receives from the 
sun in the course of a year is radiated into space in the same period. 
During the day the place is both receiving and radiating heat, the 
amount received being greater than the amount radiated ; during the 
night there is no heat received, but radiation still goes on. The pro- 
cesses of receiving and radiating are so adjusted as to balance each 
other at the end of the year. 

In spring and summer the days are longer than the nijofhts, and 
consequently more heat is received during the day than is radiated 
during the day and the night ; hence, there is a continual accumula- 
tion of heat, the accumulation being slight at the beginning of spring 
and at the end of summer. 

In autumn and winter the days are shorter than the nights and 
consequently less heat is received during the day than is radiated 
during the day and the night ; hence, there is a continual diminution 
of heat, the diminution being slight at the be^nning of autumn and 
at the end of winter. 

We ought, therefore, to have our hottest weather in the latter part 
of summer, and our coldest weather in the latter part of winter. This 
would undoubtedly be the case were it not for the modifying effects 
of aerial and oceanic currents. 

In studying the subject of change of temperature, we must take 
into account the obliquity of the sun's rays : during spring and sum- 
mer the rays of the sun are, on an average, more nearly perpendicular 
to the horizon, and consequently more efficient in their heating effect, 
than they are during the autumn and winter. 

For reasons analogous to those set forth above, the hottest part of 
the day should be some time after noon and the coldest part of the 
night should be some time after midnight. 

Refraction. 

62. If a ray of light passes obliquely from one medium 
into another, it experiences a change of direction at the 
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common surface of the two media, and this change of direc- 
tion or bending is called refraction. 

In Fig. 34, AB represents the surface that separates the two media 
P and Q ; CD is the path of a ray in the medium P, and D£ is its 
path in the medium Q, FG heing normal, or perpendicular, to AB 
at D. The angle CDF is called the angle of 
incidence^ EDG is the angle of refraction, and 
KDE is the refraction, or the amount of bend- 
ing. It has been shown, both by theory and 
by experiment, that under ordinary circum- 
stances the sine of the angle of incidence is 
equal to the sine of the angle of refraction 
multiplied by a constant quantity, no matter 
what may be the value of the angle of inci- 
dence. If we denote the angle of refraction 
by ^' and the angle of incidence by ^tt^ we shall have the equation 

sin ^ = wi sin 0' 

in which m is called the index of refraction. The value of m is constant 
tor the same two media at the same temperature, but it is different for 
different pairs of media and also for the same two media at different 
temperatures ; m is greater than 1 when light passes from a rarer to a 
denser medium, and less than 1 when it passes from a denser to a rarer 
medium, or, what is the same thing, light is bent toward the normal 
in passing from a rarer to a denser medium, and/rom the normal in 
passing from a denser to a rarer medium. 

The refraction, denoted by r, for the same two media increases with 
an increase of the angle of incidence, that is, the more obliquely the 
ray strikes the deviating surface the more will it be bent from its 
course. 



Fig. 84. Diagram 
luBtrating refraction. 



The Atmosphere and Atmospheric Refraction. 

63. The atmosphere is a gaseous envelope surrounding 
the earth and extending upward to a distance of 60 or 80 
miles, perhaps even to a greater height. It is a mixture 
of oxygen and nitrogen gases, together with small, but vary- 
ing, quantities of carbonic acid and watery vapor. Its den- 
sity is greatest at the surface of the earth, where it is about 
y^^ as dense as water, and the density contvxvvx^YVj ^ycclysv' 
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ishes as we ascend. For the purpose of illustration we may 
regard it as arranged in layers concentric with the surface 
of tlie earth, each of which is more dense than the one next 
above it, and consequently capable of producing a greater 
amount of refraction. A ray of light falling obliquely on 
the surface of the upper stratum is bent downward, and 
this bending is continually increased as the ray passes 

from stratum to stratum till it finally 
reaches the eye of the observer; its 
path through the atmosphere is there- 
fore a curved line, as shown in Fig. 35, 
and the apparent direction of the body 
from which the light comes is that of 
the tangent PE to the curve at the 
point where it enters the eye. Hence, 
retoLn.* '^'"'''P^-'^^ the effect of refraction is to increase 

the apparent altitudes of the heavenly 
bodies, or, what is the same thing, to diminish their ap- 
parent zenith distances. 

The strata into which we have supposed the atmosphere to be di- 
vided are concentric with the surface of the earth, and because the 
height of the atmosphere is very small in comparison with the earth's 
radius, we may, without sensible error, regard the surfaces of the sev- 
eral strata as horizontal planes. 

It is to be observed that the path of a ray in passing through the 
atmosphere is usually situated in a vertical plane: hence, refraction 
produces no lateral displacement of the apparent position of a body, 
except in extraordinary cases. 

Tables of Refraction. 

64. Refraction for a given zenith distance varies with the 
pressure, or tension, of the atmosphere, and also with its 
temperature ; it increases with an increase of pressure, and 
it decreases with an increase of temperature. Hence, in 
order to find the refraction corresponding to any observed 
zenith distance we must know the readings both of the 
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barometer and of the thermometer at the time of observa- 
tion. The refraction may then be found by means of tables 
called tables of refraction. 

Several different formulas have been dednced for determining the 
amoont of refraction corresponding to any observed zenith distance, 
or altitade, but they are all somewhat complex. 

A complete set of Bessel's tables, with full directions for using, is 
to be found in Loomis' Practical Astronomy, to which work the stu- 
dent is referred for further information. 

It is to be observed that the tables are not very reliable when the 
apparent zenith distance exceeds 80° ; beyond this limit the irregular- 
iti«>s of refraction are too great to be brought within the scope of any 
formula. These irregularities incrt^ase as we approach the horizon, 
and it is within the narrow zoue near the horizou that we are to look 
for lateral refraction and other disturbances which sometimes result 
in peculiar distortions of the disks of the sun and moon. 

Some Effects of Refraction. 

65. The general effect of refraction is to throw all the 
heavenly bodies toward the zenith, and this effect is in- 
creased as we approach the horizon. 

One of the most notable consequences of refraction is a 
lengthening of the amount of sunlight at any place. Re- 
fraction at the horizon is nearly 35'; hence, the sun 
appears to rise earlier and to set later than it would were 
it not for the atmosphere. This increase, at the equator, 
amounts to more than 4 minutes per day. On an average 
over the entire globe the increase amounts to about y^ 
part of the whole period of sunlight. 

Another effect is to distort the forms of the disks of the 
snn and the full moon when near the horizon. The refrac- 
tion being greater at the lower than at the upper limbs of 
these bodies, the lower limbs are thrown up more than the 
upper ones, and thus gives the bodies an oval shape, which 
is very obvious at all times, but occasionally, in conse- 
quence of extraordinary refraction, the flattening is pecu- 
liarly striking. 
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Twilight. 



66. After sunset and before sunrise the solar rays illumi- 
nate a part of the earth^s atmosphere, giving rise to a dif- 
fused light that we call twilight. Evening twilight begins 
at sunset and gradually grows fainter till it finally becomes 
extinct when the sun has descended to about 18° below the 
horizon ; morning twilight begins when the sun has risen 
to within 18° of the horizon and gradually grows brighter 
till sunrise. 

The length of twilight varies in different latitudes, and 
also in the same latitude at different seasons of the year, 
but the length of the evening twilight is always equal to 
that of the succeeding morning twilight. 

The lengl^h of evening twilight at the equator does not 
differ much from IJ^ hours, and is nearly constant through 
the year; in the latitude of ^lew York it varies from 1^ to 
2 hours, the shortest twilight being in winter and the long- 
est in summer; at all places north of latitude 49°, as, for 
example, in all parts of Great Britain, the sun does not 
descend as much as 18° below the horizon at the time of the 
summer solstice, so that morning twilight begins before 
evening twilight ends, and consequently twilight lasts all 
night ; at the north pole evening twilight begins about the 
22d of September, when the sun passes below the horizon, 
and lasts till about the 12th of November, at which time 
the sun is 18° south of the equinoctial, that is, it lasts for 
more than 50 days, and the morning twilight has a corre- 
sponding duration. 

The cause of the variation in the length of twilight is 
found in the different degrees of obliquity of the sun's 
diurnal path to the horizon. When the sun sets, or rises, 
obliquely to the horizon, a longer time is occupied in de- 
scending or ascending through a vertical distance of 18° 
than when it sets perpendicularly to the horizon. 
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Parallax. 

67. Parallax is a change in the apparent direction of a 
body due to an actual change in the position of the point 
from which the body is observed. 

An idea of what is meant by paraJlactie diftpUicement may be ob- 
tained as follows: let the student hold a pencil vertically between 
his face and a vertical wall which is ten or twelve feet distant ; then, 
without changing the position either of his head or of the pencil, let 
him first close the right eye and note tbe apparent place of the pencil on 
the wall as seen by the left eye ; again, closing the left eye and 
opening the right one, let him note the apparent place of the pencil 
on the wall ; the pencil will appear to have moved from right to left 
along the wall. This apparent change of place is the parallactic dis- 
placement of the pencil, due to a change in the position of the point 
of observation from one eye to the other. 



68. Geocentric parallax is the change that the ap- 
parent direction of a body would experience if the point of 
observation were changed from the surface of the earth to 
its centre. 

Explanation. O is the point fi-om 
which the body M is observed ; C is the 
centre of the earth ; Z is the zenith of O, 
and ZOIM, equal to z\ is the observed 
zenith distance of M ; and OMC, equal to 
/7, U the geocentric parallax of M. 

In Fig. 36 the body M as 

"m seen from appears to lie in 

the direction OM, but if seen 

from C it would appear to be 

in the direction CM. The 

angle OMC is therefore the 

geocentric parallax of M, and 

it is obviously equal to the angle subtended by the radius 

OC, at the body M. 

It is plain, from the figure, that the zemt\i 9i\^Vd?ci^^ <^1 ^ 




Fig. 86. Oeocentric Parallax. 
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body seen from the surface of the earth is greater than it 
would be if seen from the centre, the difference being equal 
to its geocentric parallax. 

The geocentric parallax of a body depends upon its apparent zenith 
distance, and also upon its actual distance from the centre of the earth. 
To deduce tlie law of variation, let us denote ZOM by e', OMC by p, 
or CM by D and OC by R ; then, because the sides of a triangle are 
proportional to the sines of their opposite angles, and because the sine 
of the angle COM is equal to the sine of z\ we have 

D : R : : sin 2' : sin p ; whence, sin p=- sin 2' (1). 

Hence, we see that the sine of the parallax varies directly as the sine 
of the apparent zenith distance of the body, and inversely as its actual 
distance from the centre of the earth. 

The parallax of a body is zero at the zenith and it is greatest at the 
horizon ; in the latter case it is called the horizontal parallax; in all 
other cases it is called paraUaac in altitude. 

If we make 2' =90° in equation (1) and denote the corresponding 
value otp by P, we have 

sm Pr=^ (2) ; whence D=--?- (3). 

D sin P 

From equation (2) we see that P depends on both R and D ; if R is 
the equatorial radius of the earth, and if Dis the mean distance of the 
body from the earth, the corresponding value of P is called the mean 
equatorial paralUux. In speaking of the sun, this angle is usually 
designated by the simpler term solar parallax. 

Equation (3) enables us to find the mean distance of a body from 
the earth when we know its mean equatorial parallax and the radius 
of the earth. 



69. Heliocentric parallax is the change that the ap- 
parent direction of a body would experience, if the point of 
observation were transferred from the centre of the earth to 
the centre of the sun. 

In Fig. 37, EM is the direction of the body M as seen 
from E, and SM is its direction as seen from S ; hence, 
EMS, which is equal to KEM minus KSM, is the heliooen- 
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trie parallax of M, and it is obviously equal tq the angle 
subtended by the earth's radius-vector SE as seen from M. 



Explanation. E represents the centre of the 
earth, S that of the eac, and M tbat of a heavenly 
body, say Mars. The directions in wbich the earth 
and Mars are moving are represented by the arrow 
heads. 

The use of the heliocentric parallax of a 
body is to determine the motion of a body 
as it would appear from the san. 

The angle KEM, which is the supplement 
of SEM, is found by observation. The an- 
gle EMS, or the heliocentric parallax, is u' 
found from the formula 

aip Fig. 87. Heliocentric Parallax, 

sin EMS=^ sin KEM.. . .(4), 
SM ^ ^' 

which is deduced in the same manner as formula (1) in the preceding 

article. The angle ESM is then found by subtracting the angle EMS 

from the angle KEM. 



70. The annual parallax of a star is the apparent 
displacement of the^tar due to the earth's annual revolution 
around the sun. 

If we conceive a sti'aight line to be drawn from the earth 
passing through a star, this line will in the course of a year 
generate the surface of a cone whose vertex is the star and 
whose base is the earth's orbit ; the axis of this cone will 
in general be oblique to plane of the earth's orbit. If we 
suppose all the elements of the cone to be prolonged to the 
celestial sphere they will meet it in an ellipse which will be 
the apparent path of the star due to parallax ; the centre 
of the ellipse will be the position of the star as seen from 
the sun: If the axis of the cone is perpendicular to the 
plane of the ecliptic, the ellipse becomes a circle ; if the 
axis lies in the plane of the ecliptic, the ellipse becomes a 
straight line. 

The angle at the earth subtended by the semi-truxv&x^t^ 
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axis of the, ellipse, which is equal to the angle at the star 
subtended by that semi-diameter of the earth's orbit 
which is perpendicular to the axis of the parallactic cone, is 
called the stellar parallax. When this angle can be 
found, we can immediately compute the distance of the star 
from the sun or from the earth. 




Explanation. 8 reprcfients the snn ; E the earth in its or- 
bit ; and S' the etar. S8' is the axis of the parallactic cone ; 8E 
in the radius-vector of the earth's orbit which is perpendicular 
to SS' : and ES'S \» the stellar parallaz, denoted by p. 

In the right-angled triangle SS'E we have, since 
ES'S is a very minute angle, 

SE 



SS' = 



P 



(5). 



Pig. 38. Annual or 
Stellar Parallax. 



Many attempts have been made to find the 
stellar parallax, but, except in the case of a 
few stars, they have been unsatisfactory. The 
largest stellar parallax that has been found is 
that of a Centauri, a southern star. Its par- 
allax is a little less than J" of arc, which cor- 
responds to a distance of about 20 millions of millions of 
miles. This almost inconceivable distance is so great that 
light traveling at the rate of 186,360 miles a second would 
require more than 3 years to traverse the space that sep- 
arates the star from the earth. The distance of a Centauri 
from the sun is, according to Newcomb, about 221,000 
times as great as that of the earth from the sun. 

Newcomb says, "the recent researches of various ob- 
servers have resulted in showing that there are about a 
dozen stars visible in our latitudes of which the parallax 
ranges from a tenth to a half second." The corresponding 
times required for light to come from these stars to the earth 
would therefore range from 30 down to 6 years. The bright 
star a Lyrae has, according to Dr. Bi iinnow, a parallax of 
about one-fifth of a second, which corresponds to a distaDce 
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which is more than a million of times as great as that of 
the earth from the sun. 

All attempts to find any appreciable parallax for the stars which 
are visible to the naked eye, except in a few instances, have totally 
failed, and we are permitted to assert that their distances from us are 
not measurable. What then shall be said of the countless millions of 
stars that are revealed to us by our powerful telescopes ? It lias been 
conjectured that some of these bodies are so far distant that their light 
can only reach us after a flif^ht of hundreds, perhaps thousands, of 
years. 

Aberration. 

71. Aberration is a displacement in the apparent place 
of a body due to the combined motion of the observer and 
of light. 

It is analogous in effect to the combined motion of an 
observer in a railway car and that of a falling drop of rain. 
If a shower of rain is falling on a still day, and if the ob- 
server is at rest, he will see the drops descend in vertical 
lines ; but if he is moving in a rapidly advancing car, he 
will see the drops descend obliquely, and as though they 
had come from a point in advance of his position. 

Explanation. DA represents the velocity of a ray of light and r\ 
the direction of its motion ; OA represents the velocity of the oh 
server and the direction of his motion ; and DC is equal and par- 
allel to AG. 

In accordance with the law of relative motion, 
the apparent path of the rain-drop is the same 
that it would be if the observer were at rest and 
the drop were, in addition to its actual motion, 
endowed with a motion equal and directly oppo- ©rr^lon. 
site to that of the observer. 

In like manner the combined motion of the observer and 
of a ray of light causes a body to appear as if thrown slightly 
forward in the direction of the observer's motion. It la 




94 A8TK0N0MT, 

Fig. 39 we suppose the observer to be at rest and the 
light to move with the combined velocities DA and DC, it 
will reach in the direction of the diagonal of the parallel- 
ogram described on DA and DO. The body from which 
the light comes will appear to be thrown forward, the dis- 
placement being equal to the angle COD. The angle COD 
is called the aberration, and its value will be the greatest 
possible when DA is perpendicular to OA. 

If we "deDote the aberration in this case by a, we have from the 

right-angled triangle OCD 

DC 
tana = ^; 

or because the angle a is very small, we have the formula 

«=| (1) 

In which v is the velocity of the observer and V the velocity of light 
Hence, the maxinium value of aberration is equal to the velocity of the 
earth in Us orbit divided hy the velocity of light. This value, which has 
recently been found to be equal to 20'^49, is sometimes called the 
constant of aberration. 

Explanation. Same as before, except that the direo* 
tion of light is inclined to that of the observer's motion 
in an angle "KKD denoted by I', equal to L 

In Fig. 40, the angle CDO is equal FCO — a' ; 
but a! is so small that we may regard CDO equal 
to FCO or to I. We then have from the trian- 
gle OCD the proportion 

« : V : : sin a' : sin I . . (2) 

Fig. 40. Aberration. -. , . , , , j * , «^„ ^« 

If we replace sm a' by a' and — by 20 '.49, 

we have, from (2) 

a' = 20''.49 sin I (3) 

Hence, the general value of aberration varies as the sine of the incli- 
nation of the direction of light to the direction of the observer^ s motion. 

When the observer is moving directly toward or directly from a 
body the aberration is zero ; when he is moving^ at right angles to the 
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motion of light the aberration is 20" .49 ; in all other cases the aberra- 
tion lies between these limits. 



Explanation. S is the sun ; ACDF is the 
orbit of the earth ; « is a star at the pole of the 
ecliptic ; and ac^ is the annual carve of aber- 
ration. 



<^t 




Fig. 41. Aberration at the 
pole of the Ecliptic. 



In Fig. 41, let % be the true place of 
a star, at the pole of the ecliptic. When 
the earth is at A the star is thrown 
forward in the direction «a, parallel to 
,the earth's motion, and to a distance 
equal to 20" .49 ; when the earth is 
at C the star is apparently at c, sa q 
being equal to 20". 49 ; when the earth 
is at D the apparent place of the star is 
d ; and when the earth is at F the ap- 
parent place of the star is at/. Hence, 
we see that the star appears, in conse- 
quence of aberration, to describe a circle 

around its true place ; the time of description being a year, and the 
spherical radius of the circle being equal to 20". 49. 

If the star is obliquely situated with respect to the ecliptic it will 
appear to describe an ellipse whose semi-transverse axis is 20''. 49 and 
whose semi-conjugate axis is 20" .49 multiplied by the sine of its celes- 
tial latitude. 

If the star is in the plane of the ecliptic it will oscillate back and 
forth along a line in the ecliptic whose middle point is the true posi- 
tion of the star, and whose length is 40" .98. 

In all cases the true position of the star is at the centre of its appar- 
ent annual path. 

The sun at every instant appears to be moving in space in exactly 
the opposite direction to that of the earth's actual motion ; hence, the 
effect of aberration is to cause the sun to appear 20" .49 behind its true 
place. 



Precession and Nutation. 



72. It has been stated (Art. 12) that the equinoxes have 
a slow motion from east to west along the ecliptic, which 
is called the precession of the equinoxes. This motion, 
averaging 50". 2 a year, is produced by the uueo^-al ^x^tcwir 
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tions of the sun and of the moon on the different parts of 
t\\Q equatorial protuberance (Art. 57). Most of the matter 
of this protuberance lies in the equatorial regions, and for 
the purposes of explanation we may regard it as a ring 
whose central plane coincides with the plane of the equator. 



Fig. 43. Precession of the EqniDoxes. 

Explanation. In thiH figure the plane of the paper passes through the centres 
of the sun and earth, and is perpendicular to the plane of the ring. CS is in the 
projection of the ecliptic, S being the centre of the «un ; KQ is the projection of the 
rin«?, U being the centre of the earth ; CP is the acceleration due to the sun's attrac- 
tion at C ; EP^ is that due to the sun's attraction at E ; and QP'' is tliat due to the 
sun's attraction at Q. 

Because E is nearer to the sun than C is, EP' is greater than CP ; 
for a like reason CP is greater than'QP". If we resolve EP' into two 
components, one of which, EA, is equal and parallel to CP, the other 
one will have the direction EF parallel to the line joining A and P' 
(Peck* s Mechanics, Art. 26) ; in like manner if we resolve QP" into 
two components, one of which, QB, is equal and parallel to CP, the 
other will have a direction, QD, parallel to the line joining B and P". 
Now, thu forces CP, EA, and QB, being parallel and equal, it is obvi- 
ous that their effect is simply to draw the masses C, E, and Q in paral- 
lel lines toward S. The remaining forces EF and QD, which are small 
in comparison with CP, will act to produce rotation of the ring, and 
consequently of the whole earth, around an axis |)erpendicular to the 
plane ECS at C. This rotation, combined with the earth's rotation on 
its axis, produces a retrograde motion of the line of equinoxes, in ac- 
cordance with the law of composition of rotations (Mech., Arts. 142-3). 
The attraction of the moon on the ring acts in like manner, but with 
greater effect, to produce a retro^radation of the' equinoxes, and a very 
slight effect of the same kind is also produced by the action of the 
planets The action of the sun in producing precession is variable, 
in consequence of the different aspects of the ring as seen from the 
sun : it is greatest about the times of the solstices, and least abont the 
times of the equinoxes, ^oing through all its changes in a year. The 
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action of the moon is still more yariable. It goes through its prindpal 
changes in a nodical period, but, as we shall see hereafter, the plane' 
of the moon's orbit is continually changing its position. with reference 
to that of the equinoctial, completing its cycle of change in about 18.6 
years. There is therefore an inequality in the precession extending 
over this cycle, during which the pole of the heavens recedes from 
and approaches the pole of the ecliptic, the entire arc of oscillation 
amounting to about 19'^ This inequality is known as the nutation of 
the earth's axis. 

In consequence of the combined effects of precession and nutation, 
for they are always considered together, the pole of the heavens retro- 
grades around the fixed pole of the ecliptic in a slightly waving line, 
that may for our purposes be regarded as a circle, whose spherical 
radius is about 23° 27'. The cycle of a complete revolution of the 
axis of the earth about that of the ecliptic is 25,800 years. 

Effects of Precession and Nutation. 

73. The effect of precession and nutation is to produce a 
continual change in the right ascensions and declinations of 
the stars. This change is caused by the displacement of the 
ex|uinoctial and of the vernal equinox, to which the positions 
of the stars are referred. When we know the right ascen- 
sion and declination of a star at a given epoch, we can find 
these elements at any other time by means of formulae and 
tables constructed for the purpose. 

The continued change in the right ascensions and declina- 
tions of the stars produces a slow but progressive change in 
the aspect of the heavens ; the north pole of the heavens, 
continually changing place, comes successively into the 
neighborhood of new stars, which in turn become pole-stars. 
The diurnal circles of all the stars gradually change to con- 
form to the new position of the pole, and the positions of 
the constellations with respect to the poles of the heavens 
experience a corresponding change. 

After the lapse of about 12,000 years, according to Her- 
schel, the bright star a LyraB will be within 5° of the pole, 
and will therefore be the pole-star, and at that time the 
present wor//*-5^flr will be more than 40° from the new pole. 
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About 4000 years ago, that is, about the time of the build- 
ing of the pyramids of Egypt, the north pole of the heavens 
was about 3J° from the bright star a Draconis, which was 
at that time the pole-star. In this connection we condense 
from Sir John Herschel the following curious facts relat- 
ing to the pyramids of Gizeh. The latitude of Gizeh being 
30° N., the star in question must have had its lower culmi- 
nation at an altitude of about 261°. ^^^ explorations of 
Col. Vyse show that of the nuie pyramids still existing at 
Gizeh, six (including the largest) have the narrow passages 
by which alone they can be entered (opening on the north- 
ern faces) inclined downward at angles varying from 26° 2' 
to 28°, the average inclination being about 26° 47'. ^^ At 
the bottom of every one of these passages, therefore, the 
then pole-star must have have been visible at its lower cul- 
mination, a circumstance which can hardly be supposed to 
have been unintentional, and was doubtless connected (per- 
haps superstitiously) with the astronomical observation of 
that star, of whose proximity to the pole at the epoch of 
the erection of these wonderful structures, we are thus 
furnished with a monumental record of the most imperish- 
able nature." 

Micrometers. 

74. The filar micrometer is a contrivance for measur- 
ing the angular distance between two objects, both of which 
are in the field of view of the telescope. When an addi- 
tional arrangement is made for measuring the angle in- 
cluded between the line that joins the two objects and the 
hour circle passing through one of them, the instrument is 
called a position micrometer. 

The simple filar micrometer consists essentially of two 
parallel wires, or spider lines, placed at the common focus 
of the objective and the eye piece, and so mounted that 
they can be moved at right angles to their lengths by means 
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of two delicate screws of uniform pitch, called micro- 
meter screws. The interval betweeu the wires, in terms 
of the distance between two consecutive tlireads of the 
Ecrew can be read ofl hy meana of a suitable scale, and from 
this the angalar distuice between them can be found by 
a simple computation. 

In the position micrometer the part just described is 
mounted so that it can be revolved around the line of col- 
limation as an axis, and a graduated circle with nn index 
is introduced for measuring the angle through which it is 
turned. 




Pig. 48. The PorfUon Microi 



Description, In Fig. 48, aa is a longitudinal wire attached to tlie 
perfurated diaphragm of the Instrument in such manner that it always 
intereecta the line of cnUiniBtion at right angles. The parallel wires 
e and d are perpendicular to na, the former being attached to the slid- 
ing fork F, and the latter t« the sliding fork H. These forks termi- 
nate in scretvs, aod may be moved to and fro by the nuts, or tcrea 
head*, M and N, which are so arranged as to admit of rotary motion 
only ; the number of entire tarns of either screw head is shown bj a 
■errated scale, Vb, at the bottom of the opening of the diaphragm, 
each notch of which corresixinda to one turn. The circular, or flange- 
like, projections Q and E, are each divided on their circumferences 
into 100 equal, parts, and by means of suitable indicea they indicate 
the nambei of hundredths of a tnm. The middle of the serrated scale 
is indioKted I7 ft amaU hole, and when dthet ot %^ ^saaSu^ Vim 
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bisects it, that wire intersects aa in the line of collimation ; tbns, in 
the figure the point s is in the line of collimation. 

The circle CC, whose graduation is not shown, is called the position 
circle ; when the instrument is revolved about the line of collimation 
the point n remains fixed, and the arc of the position circle which 
passes bj the index determines the angle throagh which the line aa 
is revolved. 

Before using the position micrometer we must know the pdar read- 
ing of the position circle and the angular value of one turn of the 
screw head. 

To find the polar reading, the telescope is directed to an equatorial 
star and the micrometer is revolved in the direction of the graduation 
till the star appears to move along the longitudinal wire aa ; the 
corresponding reading diminished by 90° is the polar reading, that is, 
it is the reading of the position circle when a£b coincides with an hour 
circle. To find the angular value of one turn, set the wires c and d 
so that they shall be at a distance apart equal to say 20 notches; 
then turn the telesco})e to an equatorial star and note the sidereal 
time required for it to pass from one wire to the other ; convert this 
time into angular measure and divide by 20 ; the quotient will be the 
angular value of one turn. 

As an example of the use of the instrument, let it be required to 
measure the distance from the star 8 to the star «', and the inclination 
of ss' to the hour circle through 8. Having brought the wire c to the 
zero of the scale bb, direct the telescope so the star 8 shall be at the 
intersection of c and aa ; turn the micrometer on its axis till aa passes 
through «' ; then move the wire d till it coincides with «'. To the 
number of entire turns indicated on the scale 66, add the hundredths 
of a turn as shown by the graduation on the screw head, and multiply 
the result by the angular value of one turn ; the result will be the 
angular distance 88\ 

From the reading of the position circle (increased by 360° if neces- 
sary) subtract the polar reading of the instrument; the remainder 
will be the angle between the hour circle and the line ««'. 



The Zenith Telescope. 

75. A zenith telescope is a telescope arranged for 
measuring small differences between the meridian zenith 



THE EABTH. 



101 



distances of two stars. It consists of a telescope^ haying a 
filar micrometer at the common focus of its objective and eye 
piece, and so mounted that it can be turned around either 
a vertical or a horizontal axis. In the form now used on 
the U. S. Coast Survey, the mounting is similar to that of 
the portable transit, which permits the instrument to be 
used in place of a transit. The mounting differs however 
from that of a simple transit in the fact that the piers 
which carry the horizontal axis, instead of resting on a solid 
support, are attached to a horizontal plate which can be 
turned in azimuth upon a second horizontal plate, much as 
the vernier plate of a theodolite is turned on the horizontal 
limb. The telescope is provided with a circle and level by 
means of which its line of collimation may be set so as to 
make any angle with the vertical, and the revolving hori- 
zontal plate has a clamp and tangent screw by means of 
which the instrument can be brought into the plane of the , 
meridian. This plate has also two movable stops which 
can be set at the opposite ends of a diameter. When the 
stops are set, the instrument can be reversed, that is, it can 
be turned 180° in azimuth, without the trouble of reading 
the circle at each reversal. 




To explain the use of this in- 
strument, let E be the place of the 
observer ; Z his zenith ; HZH^ the 
meridian of E ; « and 8^ the points of 
culmination of two stars, whose right 
ascensions differ by only a few min- 
utes of time. We also suppose that 
the distances Z« and Zs' to be approx- 
imately known, and that they differ 
but little from each other. 

The instrument having been placed in the meridian and the stops 
set, the telescope is directed so that its line of collimation shall incline 
towards the south and make an angle with the vertical equal to the 
mean of the assumed zenith distances of 8 and «'. Suppose EA to be 
the position of the line of collimation when the instrument is turned 



Fig. 44. Method of using the 
Zenith Telescope. 
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towards the south, and EC to be its position when tnmed towards the 
north ; also supposa that s culminates a few minutes before «^ The 
micrometer having been placed so that its longitudinal wire shall be 
in the plane of -the meridian, the angle Kg is measured at the instant 
8 crosses the' meridian ; the instrument is then reversed and when d^ 
crosses the meridian the angle C^' is measured, both measurements 
being made as explained in Art. 74 

Denoting the angle ZEA or its equal ZEC by 0, the meridian zenith 
distance of 8 by e, and that of «' by e', we have from the figure, 

e = — A«, and g* = ^ + C«' . . . . (1) 

whence, by subtraction, 

e' - 2 = Cy 4- A« (2) 

but in practice it is customary to call distances estimated from a star 
toward the zenith positive^ in which case those estimated in a contrary 
direction are negative. Adopting? this notation the arc CV is essentially 
negative, and equation (2) takep. the form 

z'~z = A«-C«' (3) 

If one of the parallel wires is set to mark the point of culmination of « 
and the other to mark the point of culmination of «' the angular dis- 
tance between them will be the value of z' — z. 

Different Methods of Finding Latitude. 

76. In Art. 10 the latitude of a 'place is defined to be its 
angular distance from the equator. Eef erring to the figure 
and accompanying explanation in that article, we see that 
the latitude of the place a is equal to QEZ, which is the 
complement of PEZ ; but HEZ being a right angle, HEP 
is also the complement of PEZ ; and consequently HEP is 
equal to QEZ. Hence, the latitude of a place is equal either 
to the declination of its zenith, or to the altitude of the ele- 
vated pole, that is, of the pole which is above the horizon. 
The methods of finding the latitude of a place are simply 
methods of finding one or the other of these two angles. 
Some of these methods are given below. 

First method. Let E be the place of the observer; 
HZH' the upper branch of his meiidian ; P the elevated 
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Fig. 45. Method of finding 
Latitude. 



pole ; EQ the projection of the equinoctial od the meridian ; 
and let s" and s'" be the points of upper and lower culmination 
of a star which is near the pole. 

The altitudes H5" and H^'" are 
measured with some suitable in- 
strument, and both are corrected 
for refraction. Then, because the 
distance of the star from the pole 
is the same for each observation, 
HP, or the latitude, is equal to 
the half sum of the corrected altitudes. 

If the polar distance of the star, Vs' or P5'", is known, 
the latitude may be found by a single observation. 

Second method. Let E be the place of the observer ; 
Z his zenith ; HZH his meridian ; S the place of a star 
whose declination is known ; 
ZSB a vertical circle through S ; 
and PS an hour circle. Also, 
letHBH be the celestial hori- 
zon of the observer at E. The 
altitude BS is measured and the 
sidereal time of observation is 
noted. The measured altitude 
is first corrected for refraction, 
and the result taken from 90° ; 

this gives the arc ZS ; the difference between the sidereal 
time of observation and the right ascension of S gives the 
hour angle ZPS ; the declination of S being subtracted 
from 90°, gives the value of PS. In the spherical triangle 
ZPS we therefore know the sides ZS, PS, and the angle 
ZPS ; hence the side PZ may be computed. But, PZ is 
the complement of the latitude; the latitude may there- 
fore be found by subtracting PZ from 90°. 




Pig. 46. 
tude. 



Determination of Lati- 



The spherical triangle ZPS, in which S is any star, is often called 
the Mtronomical triangle, on account of ita iTXipoi\,&xiCA Vn «£X.tqiicsis^-> 
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cal computations. In it, PZ is the eoMxtUude of the place of observa 
tion ; ZS is the zenith distance of the star ; PS is the star's polar dis- 
tance; ZPS is the hour angle of the star; PZS is the azimuth of the 
star counted from the direction of the elevated pole ; and PSZ is called 
the position angle of the zenith. When any three of these elements of 
the triangle are known, all the others may be found by computation. 

Third method. This method was first employed by 
Capt. Taloott, of the U. S. Army, and is generally known 
as Talcott's method. It is the simplest and the most 
accurate of all the methods, but it is only applicable when 
an approximate value of the latitude is already known. 

Explanation. An approximate value of the latitude being known, 
we select from a catalogue two stars which culminate within a few min- 
utes of each other and whose meridian zenith distances are nearly 
equal. Let 8 and s', Fig. 44, be the points at which these stars cul- 
minate, EQ being the projection of the equinoctial and Z being the 
zenith of the place whose latitude is to be determined. 

Denote QZ, which is equal to the latitude, by ^ ; Qs, Q»', which are 
the declinations of the stars, by d and d' : and Zs, Z«', which are the 
meridian zenith distances of s and «', hy z and z'. We then have, 
from the figure. 

l = d + z\ Sindl = d'-z' (1) 

Adding equations (1), member to member, and dividing by 2, we have 

; = K<^ + d') - liz' -z) (2) 

The value of d + d' is found from the star catalogue, the value of 
2' — 2 is found by the method explained in Art. 75, and these values 
substituted in equation (2) give the latitude required. 

Geocentric Latitude. 

77. The latitude determined by any of the preceding 
methods is called the geographic latitude, and is equal 
to the angle between the normal at the place and the plane 
of the equator. The geocentric latitude is the angle 
between the radius of the earth at the place and the 
plane of the equator. The angle between the normal and 
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the i*adins is called the reduc- 
tion ; this is zero at the equa- 
tor and at the poles^ and is a 
maximnm when the latitude is 
45°, where it is about IV 30". 



Explanation. The ellipse PMQE it» the 
meridian of the place M ; BQ, the equator ; 
MA, the normal at M ; MC, the radius at M ; 
(^M, the geographic latitude of M ; QCM, 
its geocentric latitude ; and AMC, the re- 
duction. 




Pig. 47. Geocentric Latitude. 



Apparent and Mean Solar Time. 

78. An apparent solar day is the interval between two 
successive transits of the sun over the upper branch of the 
same meridian ; time reckoned in terms of this unit is called 
apparent solar time. 

This species of time is not adapted to the wants of astron- 
omy because it is not uniform. The sun's motion along the 
ecliptic is variable, and furthermore, the direction of its 
motion with respect to the equinoctial is continually chang- 
ing ; for these reasons the sun's advance in right ascension 
is not uniform, and consequently the lengths of apparent 
solar days are not equal to each other. 

To secure the desired uniformity, astronomers have 
adopted the device of an imaginary sun, moving uniformly 
along the equinoctial and making the circuit of the heavens 
in the same time as the real sun ; this imaginary body is 
called the mean sun. The interval between two consecu- 
tive transits of the mean sun over the upper branch of the 
same meridian is called a mean solar day, and time reck- 
oned in terms of this unit is called mean solar time. 

The manner in which the motion of the mean sun is con- 
nected with that of the true sun may be explained as fol- 
lows. We first suppose a Jlctiiioux sun to move uniformly 
along the ecHptic^ its rate of motion being ^<\u^ ^o \3tv^ 
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real sun's average motion in longitude. This fictitious sun 
coincides with the real sun when the earth is in perihelion 
and when it is in aphelion, but at no other time. The 
longitude of this imaginary body is called the sain's mean 
longitude, and its angular motion with respect to the 
earth is called the sun's mean motion in longitude. 
When this fictitious sun reaches the vernal equinox, a 
second fictitious sun is supposed to start from that point 
and to move uniformly along the equinoctial with the same 
angular velocity as the first ; the two fictitious suns are to- 
gether at the equinoxes, but at no other times. This second 
fictitious sun is the mean sun of astronomy. 

Because the lon^tude of the first fictitious sun is zero when it is at 
the vernal equinox, and because the two ima^nary suns have the same 
angular velocity, it is obvious that the rigM ascension of the mean sun 
is always equal to the sun's mean longitude. 

The Equation of Time. 

79. The equation of time is the difference between ap- 
parent and mean solar time at any instant. 

The equation of time is used to convert apparent into 
mean solar time ; it is also used to convert mean into appar- 
ent solar time. When the mean sun is toest of the true sun 
it comes to the meridian before the true sun and the equa- 
tion of time {^positive, that is, it must be added to appar- 
ent time to get mean time ; when the mean sun is east of 
the true sun it comes to the meridian after the true sun 
and the equation of time is negative, that is, it must be sub- 
tracted from apparent time to get mean time. 

The value of the equation of time for every day in the 
year, with the rule for using it, is given in the Nautical 
Almanac. It is equal to zero four times a year ; viz. : on 
the 15th of April, on the 14th of June, on the 1st of Sep- 
tember, and on the 24th of December. It has its greatest 
positive value on the 11th of February, at which time it 
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amounts to more than 14 minutes, and its gi*eatest negative 
value on the 2d of November, when it amounts to more than 
IG minuteg. At the former time the forenoons are nearly 
half an hour shorter than the afternoons, and at the latter 
time the afternoons are more than half an hour shorter than 
the forenoons. These irregularities take place when the 
days, in the northern hemisphere, are very short, and for 
this reason they are particularly noticeable. 



ExPLANATioK. The fi^re repre- 
sents the projection of a part of the 
celestial sphere on the plane of the 
meridian HZH ; P is the elevated pole ; 
BQ is the projection of the eqaiuoctial ; 
VS is the projection of the ecliptic ; PS' 
and PM are projections of hour circles, 
the former passing through the tme 
sun S, and the latter through the mean 
snn M, both being west of the me- 
ridian. 




Fig. 48. Apparent and Mean Time. 



The nature of the equation of time and the method of 
applying it will he understood after a careful study of Pig. 48. 
The hour angle QPS, measured by the arc QS', is the angle 
between the meridian and the hour circle through the true 
sun ; hence, QS' divided by 15° is the apparent time at 
the instant in question. The hour angle QPM, measured 
by the arc QM, is the angle between the meridian and the 
hour circle through the mean sun ; hence, QM divided by 
15° is the mean time at the instant in question. The dif- 
ference between QS' and QM, that is, the arc S'M divided 
by 15° is the equation of time. In the case considered the 
equation of time is positive, and it is obvious from the 
figure that the mean time is equal to the apparent time 
plus the equation of time. 

The arc VS' is the right ascension of the true sun, and the arc VM 
which is the right ascension of the mean sun is, from Art. 78, the 
Sim's mean lonj^tude. Hence, the equation of time is the difference 
bettoeen the 9un'% true right ascension and his mean longitude. 
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Comparison of Sidereal and Mean Solar Time. 

80. The meridian plane of any place is carried eastward 
by the earth's rotation, sweeping uniformly over the 
heavens, and indicating the lapse of time by its progress 
amongst the stars. In a sidereal day it turns through an 
angle of 360°, but in a mean solar day it turns through an 
angle which is greater than 360° by an amount which is 
equal to the angular motion of the mean sun in that time. 

From what has preceded it is plain that the number of 
sidereal days in the interval between two successive returns 
of the sun to the vernal equinox is greater by 1 than the 
number of solar days in the same period. This interval is 
called a tropical year, and as we shall see hereafter it con- 
tains 365.2422 mean solar days; hence, it must contain 
366.2422 sidereal days. 

The quotient of 366.2422 by 865.2422 is 1.002738 necerly, and the 
quotient of 365 2422 by 366.2422 is .99727 nearly. Hence, a mean 
solar day is equal to 24 hours, 3 minutes, 56.56 seconds of sidereal 
time, and a sidereal day is equal to 23 hours, 56 minutes, 4.13 seconds 
of solar time. 

The solar day exceeds the sidereal day by 3 minutes, 56.56 seconds 
of sidereal time, or by 3 minutes, 55.9 seconds of solar time. 

In practice intervals of solar time are converted into corresponding 
intervals of sidereal time, and the reverse, by means of tables con- 
structed in accordance with the preceding principles. 

Astronomical Dates. 

81. The time at which the apparent sun crosses the 
upper branch of the meridian of any place is called ap- 
parent noon, and the time at which the mean sun crosses 
the meridian is called mean noon. The astronoimcal 
day begins at one mean noon and ends at the next mean 
noon, the interval being divided into hours, minutes, and 
seconds as already explained (Art. 17). The date of any 
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astronomical day is the same as that of the eivil day on 
which it begins ; its hours are numbered continuously up to 
24. Thus, the day that begins at noon on the 22d of 
December ends at noon on the 23d of December, and, in 
astronomical language, this interval is styled the 22d of 
December. The astronomical date December 22d, 6 hours 
15 minutes, corresponds to the civil date December 22d, 
6 hours 13 minutes, p. m.; the astronomical date December 
22d, 18 hours 13 minutes, corresponds to the civil date 
December 23d, 6 hours 13 minutes, a.m. 

It is the custom for each astronomer to reckon time from the instant 
when the mean sun crosses his own meridian ; time thus reckoned is 
said to be local time.' It is obvious that the absolute instant of time 
at which a phenomenon is observed may bear different dates at dif- 
ferent places. In order, therefore, that we may compare the observa- 
tions of different astronomers, we must not only know the local dates, 
but also the relative positions of the places of observation. 

The Chronometer. 

82. In many cases it would be inconvenient to use an 
astronomical clock (Art. 18), and in some cases, especially 
at sea, its use would be impossible. In these cases a chro- 
nometer may be employed. 

A chronometer is simply a nicely constructed watch. To 
guard as far as possible against the irregularities that would 
arise from change of temperature, the balance wheel is com- 
pensated, the compensation being made in such manner as 
to neutralize the iiTegularities, not only of the balance 
wheel itself, but of the hair-spring. Particular attention is 
given to the escapement and also to the winding arrange- 
ment. 

To secure uniformity of rate it is necessary that the 
chronometer should remain, as nearly as possible, in a fixed 
position. For this reason the instrument is suspended by 
a sort of universal joint, and in such manner that its face 
shall always he horizontal. 
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Error of a Clock, or Chronometer* 

83. There are several methods of finding the error of a 
clock or chronometer with respect to mean time. 

1°. By a transit of the sun. In this method we note 
the reading of the clock, or chronometer, at the instant 
when the advancing limh or edge of the sun crosses the 
meridian, and also when the following limb crosses it ; the 
half sum of these is the clock reading at apparent noon, 
from which we have at once the apparent error of the time- 
piece ; this result corrected for the equation of time is the 
error required. 

2°. By measuring the altitude of the s\in. In 
this method we are supposed to know the latitude of the 
place and the declination of the sun. We measure the alti- 
tude of the sun's lower limb, and at the same time we note 
the reading of the chronometer. This altitude, after being 
corrected for refraction, semi-diameter, and parallax, gives 
the true altitude of the sun's centre. Subtracting the alti- 
tude of the sun's centre from 90°, we have the side ZS of 
the astronomical triangle (Art. 7G) ; subtracting the lati- 
tude of the place from 90°, we have the side PZ ; and sub- 
tracting the sun's declination from 90° we have the side PS. 
We may therefore compute the hour angle ZPS, which 
gives the apparent time at the instant of observation ; from 
this we can find the corresponding mean time, and conse- 
quently the error of the chronometer. 

By finding the error of the chronometer at two instants 
sufficiently remote from each other, we can find the rate 
(Art. 18). 

Tlie error of a clock or watch may also be determined by means of 
observations made upon a star either when on or off the meridian. 
When either the sun, or a star, is observed off the meridian, it is 
better to make two observations, one when the body is east and the 
other when it is west of the meridian, and these should be made at 
nearl/ egual times before and after culminatioik. 
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Relation of Long^itude and Time. 

84. The longitude of a place is the angular distance of 
the meridian of that place from some fixed meridian. It 
is reckoned from the fixed meridian toward the west, and 
may be expressed either in units of angular measure or in 
units of time. Longitude is generally reckoned from the 
meridian of Greenwich, England, but it may be reckoned 
from any other meridian ; thus, in the United States longi- 
tude is often reckoned from the meridian of Washington. 
To avoid confusion we shall always regard the meridian of 
Greenwich as the fixed or prime meridian. 

It has been stated already that we may either suppose the earth to 
revolve from west to east carrying the meridians of different places 
with it, or that we may conceive the earth to be at rest and the 
heavens to revolve with an equal angular velocity from east to west, 
inasmuch as the apparent motions of the heavenly bodies will be the 
same in either case. In showing the relation of longitude and time 
the latter idea will be adopted, not only because it is simpler, but be- 
cause the motions to be considered will then correspond to the direc- 
tion in which longitude is reckoned. 

Let us first consider the apparent motion of the vernal equinox, 
calling the time at which it is on the meridian of any place sidereal 
noon. Setting out from the meridian of Greenwich the equinox 
travels westward at the rate of 15° in a sidereal hour ; hence, when it 
is sidereal noon at a place on any other meridian the sidereal time at 
Greenwich, in hours, is equal to the number of degrees in the longi- 
tude of the place divided by 15, that is, the longitude of any place, 
expressed in time, is the difference between the sidereal time at the 
])lace, and at Greenwich. 

For example, the longitude of New York is 74°, and consequently 
the time required for the equinox to travel from the meridian of 
Greenwich to that of New York is f f of an hour, or 4 hours 56 min- 
utes ; hence, when it is sidere^ noon in New York, the sidereal time 
at Greenwich is 4 hours 56 minutes ; when the sidereal time at New 
York is 1 hour, the sidereal time at Greenwich is 5 hours 56 minutes ; 
when the sidereal time at New York is 2 hours the sidereal time at 
Greenwich is 6 hours 56 minutes, and so on. The lonpfitude of New 
York, expressed in time at the rate of 15° to the \io\vc^ \^»\\ysK&s^ 
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equal to the difference (^f the local sidereal times at New York and at 
Greenwich. 

Again, let us consider the apparent motion of the mean 
sun. Setting out from Greenwich the mean sun travels 
uniformly toward the west, returning to that meridian at 
the end of 24 mean solar hours ; hence, it travels westward 
with respect to any meridian at the rate of 15° in a mean 
solar hour. Consequently, when it is mean noon at a place 
on any other meridian the mean solar time at Greenwich, 
inJioiirs, is equal to the number of degrees in the longitude 
of the place divided by 15, that is, the longitude of a place, 
expressed in time, is equal to the difference between the 
mean solar time at the place, and at Greenwich. 

From what precedes, we infer that the difference between 
the longitudes of any /wo places, expressed in time, is equal to 
the difference of the local times at the tivo places at the same 
instant, and this whether the time considered is sidereal, or 
mean solar. Conversely, the difference of local time at any 
two places is equal to their difference of longitude expressed 
in time. 

The Chronograph. 

85. A chronograph is a contrivance for recording the 
times of astronomical observations by means of the electric 
current. 

The recording pai't of the apparatus consists of a revolv- 
ing cylinder and a suitable recording pen. The cylin- 
der, which carries a sheet of paper wrapped around it, is 
made to revolve on its axis at the rate of one turn per min- 
ute, and at the same time the recording pen is made to ad- 
vance in the direction of the axis of the cylinder at the rate 
of about \ of an inch per minute. The pen is moved to and 
from the revolving paper by means of an electro-magnet 
and a counteracting spring. Wlaen tlaa electriG circuit is 
completed the pen is pressed agam&t \i\i^ ^«j^«t ^lA^^i^pA^ 
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is recorded ; when the circuit is broken the pen is thrown 
back by the spring. 

The recording apparatus is connected with the clock in 
such a manner that the circuit is completed, and a signal 
recorded, at each beat of the pendulum ; it is also con- 
nected with a key by means of which the circuit may be 
completed, and a signal recorded, at the pleasure of the ob- 
server. By a simple mechanical arrangement the pen is 
slightly displaced at each beat of the pendulum, so that a 
peculiar form is given to the clock-signals, which distin- 
guishes them from those made by means of the key. An • 
. arrangement is often made by which the record of the last 
second of each mintite is omitted; this facilitates the opera- 
tion of determining the time that corresponds to any signal. 

When the instrument is in use the clock-signals are regis- 
tered automatically, and it only remains to connect them 
with the reading of the clock ; this is done by writing the 
clock time at the beginning of any minute over the corre- 
sponding signal on the revolving paper. In registering the 
transit of a star the observer holds the key in his Tiand, 
closing it briskly when the star crosses a line of the reticle. 
The time corresponding to each of these signals can be de- 
termined by its distance from the adjacent clock-signals. 

It is to be noted that the recording apparatus need not be near the 
observer ; it may even be hundreds of miles from the place of obser- 
vation. 

Methods of Determining Longfitude. 

86. The operation of finding the difference of longitude 
of two places consists in finding the difference of the local 
times of the places at any given instant (Art. 84). The fol- 
lowing are some of the methods employed : 

1°. By chronometer. In this methoittv^ o\i%«N^\\^ 
provided with a chronomQiQi whose error ^\fti Tfe«^^^. \r> 
Greenwich time at a given epoch, anfli nj\xo^^ v^Xj^ ^^ 
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known. From these data the observer can compute the 
local Greenwich time at any instant. By one of the 
methods explained in Art. 83 he can determine his local 
time at the same instant. The difference between these 
local times is the required longitude. 

This is the method which is generally used at sea, and by travel- 
ers. It is somewhat uncertain on account of the liability of a chro- 
nometer to change its rate. Tlie accuracy of the determination may 
be increased by using two or more chronometers. 

2°. By signals. This methed requires two observers, 
each provided with a chronometer, whose error and rate are 
known. The observers are stationed at the places whose 
difference of longitude is to be determined, and at a time 
agreed upon a signal is made which can be seen from both 
stations. The chronometer time of the signal, which may 
be a flash of gunpowder, the bursting of a rocket, or some- 
thing of the kind, is noted by both observers, and each de- 
termines his corresponding local time. The difference of 
these local times is the difference of longitude between the 
two stations. 

3°. By the eclipses of Jupiter's satellites. The 
eclipses of Jupiter's satellites, as we shall see hereafter, are 
of frequent occurrence ; the times at which they take place 
are computed in advance and laid down in the Nautical 
Almanac. If an observer knows his longitude approxi- 
mately, he can find the approximate local time at which an 
eclipse is to be looked for, and when it happens he has only 
to note the reading of his chronometer; from this he can 
find the correct local time of the phenomenon. The differ- 
ence between the local time thus found and the correspond- 
ing Greenwich time, taken from the almanac, is the longi- 
tude of the place of observation. 

. 4°. By lunar distances. It will be seen hereafter that 

the moon moves eastward among t\v^ ?»t^T^ ^\.^iXi^ x»^ ^\ ^ 

JjWe more than half a degree pex Yiout •, KX. \a ^iX\Kt^\sstfe ^iwsv- 
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tinually approaching those stars that lie to the east, and 
continually receding from those that lie to the west. The 
angular distances between the moon and certain bright 
stars as seen from the centre of the earth are computed for 
every three hours and laid down in the Nautical Almanac. 

In order to find the longitude of a place the observer de- 
termines, by observation and computation, the geocentric 
angle subtended by the moon and a suitable star at any in- 
stant ; he then finds from data given in the almanac the 
Greenwich time at which the bodies subtend this angle. 
The diflference between the local time of observation and 
the corresponding Greenwich time is the required longitude. 

5°. By the electric telegraph. When two places are 
in telegraphic communication the best method of determin- 
ing their difference of longitude is by means of electric sig- 
nals. This method requires two observers, each provided 
with a transit instrument, a clock or chronometer, and a 
chronograph. The error and rate of each clock having 
been carefully determined, both clocks are connected with 
one of the chronographs and allowed to record their beats 
for a few minutes ; both clocks are then connected with the 
other chronograph and again allowed to record their beats 
for an equal time. From these records and the known 
errors of the clocks at the corresponding times, the differ- 
ence between the local times at the two stations can be de- 
duced and this is the required longitude. 

A single set of chronographic observations would be suf- 
ficient to determine the difference of local times, were it 
not for the fact that a certain period of time is required for 
the electric current to pass from one station to the other. 
In finding the difference of local times we have to subtract 
the time at the western station from that at the eastern 
station. But when both clocks are connected with the 
eastern chronograph, the recorded time ot tl^^ ^^'Ss^fercs. 
clock wUl be too great by the period reqvxVtedi ^ot ^<^^\.tv^\\7J 
to travel over the distance between the Btat\oTvs>, ^iSidi w^^fe- 
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quently the recorded difference of local times will be too 
small by that amount. Again, when the clocks are con- 
nected with the western chronograph the recorded time of 
the eastern clock will be too great by the time required for 
electricity to travel over the distance between the stations, 
and consequently the recorded difference of local times will 
be tdb great by that amount. Hence, if we determine the 
differences of the local times as recorded upon both chrono- 
graphs, the half sum of these differences will be the required 
difference of times, corrected for the time required for elec- 
tricity to travel from station to station. 

As an illustration, let E be an eastern and W a western 
observer, and suppose that it requires 0.4 second for the 
current to pass from one to the other. At 12 o'clock, E 
sends a signal to W which is received, say at 11 hours 
46 minutes 42.9 seconds, giving an apparent difference of 
local times equal to 13 minutes 17.1 seconds ;. again at 12 
o'clock, W sends a signal which is received by E at 12 hours 
13 minutes 17.9 seconds, giving an apparent difference of 
local times equal to 13 minutes 17.9 seconds. The half 
sum of these differences, which is 13 minutes 17.5 seconds, 
is the required difference of longitude. 



V. THE MOON. 

The Moon's Actual Path in Space. 

87. The moon is a satellite of the earth, revolving 
around it and at the same time accompanying it in its 
annual journey around the sun. 

During the earth's revolution around the sun the plane 
of the lunar orbit is carried along with it, and because this 
plane is always inclined to the earth's orbit it follows that 
the moon's real path in space is a species of flattened spiral 
winding once around the earth's orbit in each revolution of 
the moon, but never returning into itself. 

In what follows we shall only consider the moon's motion 
with respect to the earth, that is, we shall disregard that 
part of her motion which is due to the common revolution 
of the earth and moon around the sun. 

Definitions and Explanations. 

88. The moon's orbit is an ellipse, one focus of which 
is at the centre of the earth, or, more strictly speaking, at 
the common centre of gravity of the earth and the moon, a 
point that is always within the body of the earth. She 
moves along this orbit in such a manner that her radius- 
vector, that is, the line from the earth to the moon, 
sweeps over equal areas in equal times. Her mo- 
tion is from west to east, and her velocity is such that she 
travels from any given star completely around the heavens 
back to the same star in about 27^ days ; this time is called 
her sidereal period. 

The point of the moon's orbit which \a iieaT^^\. ^^ ^^"^ 
18 called perigee, that which is f arttiest itom >i\i^ ^^««Ji \?^ 
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called apogee, and the line joining them is called the line 
of apsides ; in consequence of the law of equable descrip- 
tion of areas the moon's angular velocity is a maximum at 
perigee and a minimum at apogee. 

The plane of the moon's orbit is inclined to that of the 
ecliptic in an angle that is slightly variable, but whose mean 
value is 5° 8' 30" ; the points in which the orbit intersects 
the plane of the ecliptic are called nodes, and the line join- 
ing them is called the line of nodes. The point at which 
the moon passes from the south to the north side of the 
ecliptic is the ascending node, and the point at which 
she passes from the north to the south side of the ecliptic 
is the descending node. 



Mean Distance and Horizontal Parallax. 

89. The moon's mean distance from the earth is a little 
less than 239,000 miles, and the corresponding value of her 
equatorial horizontal parallax is about 57'. The excentri- 
city of the orbit is variable, its mean value being 0.055 ; 
hence, the moon's average distance when in perigee is about 
226,000 miles, and when in apogee about 252,000 miles. 
Of course the horizontal parallax varies with the varying 
distance of the moon. The distance and corresponding 
value of the parallax may be found by the following 
method. - 



M 




r 



Fi^. 49. Method of finding Dis. 
taoceof Moon. 



ExFLANATioN. The carve PQP^ repre- 
sents a meridian section of the earth ; EQ, 
the equator ; A, B, two stations on the me- 
ridian ; and M, the apparent place of the 
moon when on the meridian. 

The geocentric latitudes of A and 
B being given, the radii CA and CB 
are known from the properties of an 
ellipse, and consequently the angle 
ACB; hence, the chord AB and the 
angles CAB y CBA can be comput?d. 
The supplement of the zenith dis- 
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tance ZAM, diminished bj CAB, gives BAM ; and in like manner we 
have MBA ; hence, the angle AMB and the distance AM can be found. 
Knowing CA, AM, and the angle CAM, we can compute CM, which is 
the moon* 8 distance , and CM A, which is the parallax corresponding to 
the apparent zenith distance ZAM. From these elements we can easily 
deduce the horizontal parallax for the radius CA, and thence the hori- 
zontal parallax for the equatorial radius, that is, the moorCs equatorial 
horizontal parallax corresponding to the distance CM. 

The elements given in this and the preceding articles are subject to 
the disturbing influence of the sun and planets, which act to draw the 
moon slowly but continuously from its normal orbit. We may, how- 
ever, continue to regard her orbit as elliptical if we suppose the ellipse 
to vary slightly at each instant both in its position and in its form. A 
complete discussion of this subject is beyond the scope of the present 
work, but some of the changes that take place will be pointed out in 
the following article. 

Irregularities in the Moon's Motion. 

90. The following are some of the most important of the 
changes that take place in the lunar orbit in consequence 
of the disturbing influence of the sun, and the smaller 
perturbations due to the action of the planets. 

1°. The inclination of the plane of the lunar orbit is 
subject to an alternate increase and decrease ; its least value 
is about 4° 57', and its greatest value is about 5° 20', giving 
for the m£an or average inclination about 5° 8' 30". 

This change is equivalent to a rocking or vibratory motion of the 
orbital plane about the line of nodes. 

2°. The line of nodes has a retrograde motion in the 
plane of the ecliptic ; that is, a motion from east to west, 
by virtue of which it performs a complete revolution with 
respect to the stars in about 18.6 years. 

This change is equivalent to a revolution of the plane of the moon's 
orbit around an axis passing through the centre of the earth, and per- 
pendicular to the plane of the ecliptic ; that is, making an angle with 
the plane of the orbit whose average value is 84** 5V W . 
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3"^. The line of apsides, which is the same thing as 
the transverse .axis of the orbit, has a direct motion by virtue 
of which it performs a complete roTolution from west to 
east in a little less than 9 years. 

This change is equivalent to a revolution of the orbit in its own 
plane around an axiu passing through the centre of the earth, and 
perpendicular to the plane of the orbit. 

4°. The excentricity of the orbit is subject to an alter- 
nate increase and diminution, either of which may amount 
to more than \ of the mean value of the entire excentricity, 
which is about 0.055. The minimum value of the excen- 
tricity may therefore become less than .044, and its maxi- 
mum value may become greater than .066. 

This change produces a corresponding change in the difference 
between the apogean and the perigean distances of the moon, the 
difference being about 21,000 miles when the excentricity is a mini- 
mum, and about 31,000 miles when the excentricity is a maximum. 

5°. The mean distance, which is the same thing as the 
semi-transverse axis of the orbit, is subject to a secular 
change; tliat is, a change that extends through an im- 
mensely long period. At present the mean distance is 
diminishing. 

These changes are taking place simultaneously, and all of them 
are more or less irregular ; hence, the operation of computing the 
moon's place in the heavens is extremely tedious. The place of the 
moon, determined by tables constructed for the purpose, is laid down in 
the Nautical Almanac for every hour of the day throughout the year. 

Angular Diameter of the Moon. 

91. The angular diameter of the moon varies in- 
versely as her distance from the observer ; when she is at 
her mean distance, her angular diam^lct «»& «ft«rL from, the 
centre of the earth is 31' 7". 
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One-half of the angular diameter of the moon is called 
the moon's apparent semi-diameter. 

Becaase the moon is farther from the centre of the earth than she 
is from any point on the surface from which the moon is visible, the 
apparent semi -diameter of the moon when seen from the surface is 
greater than it would be if seen from the centre. This excess, which is 
called the augmentation of the moon's semi-diameter, obviously increases 
as she approaches the zenith of the observer. The mean distance of 
the moon from the centre of the earth is a little more than 60 times 
the t«rrestrial radius ; hence, 'her mean distance from that point of 
the surface which lies directly between the centres of the earth and 
moon i8*a little more than 59 terrestrial radii. At this point, there- 
fore, the augmentation of the moon's semi-diameter is about -^ of its 
entire value ; that is, it amounts to nearly 16'^ 

Magnitude, Mass, and Density of the Moon. 

92. The semi-diameter of the moon in miles is found 
by multiplying her distance from the eartli by the sine of 
her apparent semi-diameter. In this way we find that 
her semi-diameter is equal to 1080 miles, and consequently 
her diameter is 2160 miles. From this we infer that the 
volume of the moon is about -^ih that of the earth. 

The mass of the moon, as found by the methods of phy- 
sical astronomy, is about ^th that of the earth. The den- 
sity of the moon is therefore about |ths that of the earth, 
or about 3^ times that of water. 

Synodic Period. — Phases. 

93. The moon^s S3modic period, which is the same as 
a lunar month, is the interval between two consecutive 
conjunctions of the sun and moon. In consequence of 
irregularities in the motions of both of these bodies, the 
length of the synodic period is somewhat variable ; its 
average length, however, is found to be about 29.53 da^«», 
¥or the ordinary purposes of de»cript\on \ta\eti^Ni)cv\%\aJ&s^ 

OB 29^ days. 
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During a lunar month the bright part of the moon as- 
sumes a succession of different forms called phases ; these 
are due io a continual change in the position of the ob- 
server with respect to the sun and the moon. 

The illuminated half of the moon is turned toward the 
sun and the line tbat separates it from the unilluminated 
part is called the terminator. The plane of the termina- 
tor, except at conjunction and opposition, is oblique to the 
observer's line of vision ; hence, its projection on the moon's 
disk is elliptical. The bright part of the moon's disk is 
therefore bounded on one side by a semicircle, and, on the 
other side by a semi-ellipse. 




TO SUN— S 



Pig. 50. Phases of the Moon. 

Explanation. E is the poRition of the earth ; ES' is the direction fh>m E to the 
f>nn ; MOQS is the moon's orbit, supposed to lie in the plane of the ecliptic ; M, N, 
O, P, etc., are the representations of the moon^s phases Tirhen her elongations from 
the 8nn are 0°, 45°, 90°, 135°, etc. ; and the arrow-heads show the direction of the 
moon's motion. 



The different phases of the moon and their order of suc- 
cession are shown in Fig. 50. When the moon is at M, 
that is, wheii she is in conjunction with the sun, her illumi- 
nated face is turned away from the earth, and is therefore 
invisible ; the moon is then said to be new. After passing 
M a portion of the illuminated face comes into view, and 
this portion continues to increase until she reaches Q, when 
her entire illuminated face is turned toward the earth ; the 
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moon is then said to be fulL After passing Q the visible 
portion of her illuminated face begins to diminish, and this 
diminution goes on until she returns to M, when she again 
becomes invisible. When the moon is at she is said to be 
in her first quarter, and when at S she is said to be in 
her third quarter. 

Between M and 0, and between S and M, the moon^s 
phase as shown at N and T is said to be crescent ; be- 
tween and Q, and between Q and S, her phase as shown 
at P and B is said to be gibbous ; at and at S her phase 
is said to be dichotomous. 

In all its changing forms the circular portion of the 
moon's apparent outline is turned toward the sun ; hence, 
from new moon to full moon the western limb is circular, and 
from full moon to new moon the eastern limb is circular. 

The earth, as seen from the moon, goes through a suc- 
cession of phases which are always complementary to those 
of the moon as seen from the earth, that is, when the moon 
has a crescent phase the earth has a gibbous phase, and the 
reverse. 

For a few days before and after new moon the dark part 
of the moon is faintly visible ; this is due to light twice 
reflected. The earth being nearly full at that time, as seen 
from the moon, reflects a suflScient amount of sunlight to 
render the entire disk of the moon faintly visible to a ter- 
restrial observer. 

It is noticeable at this time that the semicircle that 
bounds the bright limb appears perceptibly larger than that 
which bounds the dark limb ; this is an optical delusion due 
to in-adiation. It is an established principle of optics that 
a bright circular disk appears larger than a dark one of the 
same size ; hence, the phenomenon in question. 

Other Lunar Periods. 

94. Besides the sidereal and the synodic periods already 
referred to, the moon has two other periods ?i^q^«i^>^^ wsfc^ 
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by astronomers, the nodical and the anomalistic periods. 
The nodical period is the interval between two successive 
returns of the mooD to the ascending node ; and the anom- 
alistic period is the interval between two successive re- 
turns of the moon to perigee. 

Because the ascending node has a retrograde motion^ the 
arc passed over by the moon in a nodical revolution is less 
than a complete circumference by the arc that is passed over 
by the node in that time ; hence, the nodical period is less 
than the sidereal period. Again, because the perigee has a 
direct motion, the arc passed over by the moon in an anom- 
alistic period is greater than a complete circumference by 
the arc passed over by the perigee in the same time ; hence, 
the anomahstic period is greater than the sidereal period. 

For convenience of reference the average values of four 
principal lunar periods are given below : 

Sidereal period 27.32 days. 

Synodical period 29.53 days. 

Nodical period 27.21 days. 

Anomalistic period 27.55 days. 

Rotation of the Moon. 

95. It is a matter of common observation that we always 
see very nearly the same face of the moon ; that this may 
be the case, the moon must revolve around an axis in the 
same time that she makes a revolution in her orbit, and, 
furthermore, her axis of revolution must be nearly perpen- 
dicular to the plane of her orbit. 

More accurate observations show that the plane of the 
moon's equator intersects the plane of her orbit in a line 
that is parallel to tlie line of nodes. A plane passing 
through this line and parallel to the ecliptic lies between 
her equator and her orbit, the former making an angle of 
about 1^° on one side, and the latter an angle of about 5° 
on the other side, as shown in Fig. 51 ; hence, the plane of 
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the moon's equator makes an angle of 6^° with the plane of 
her orbit. 

ExFLANATiQir. The plane of the j. 

paper is suppoeed to be perpendicn- ^^^^^^^"^""^ 

lar to the ecliptic and to the moon's (^j^r^"^ B 

orbit. N is the projection of the line ^^-^^"^"xC^ ""' 

of nodes ; NC is the projection of the ^ ^^^-"-"^^ A 

ecliptic ; NO is the projection of the ^ 

moon's orbit ; MQ is the projection Fig. 51. Position of tlie Moon's Equator. 

of the moon's equator; and MB is 

paraUd to NC. The angle QMB is equal to l^^ ; the angle OMB is equal to 5° ; and 

the angle QMO is 6|°. MA, perpendicular to MQ« is the axis of the moon, making 

an angle of 1^° with the axis of the ecliptic. 

Tbe moon's axis of rotation makes an angle of l-^" with the axis of 
the ecliptic, and is always perpendicular to the line of nodes ; hence 
the axis of the moon has a retrograde motion by virtue of which it de- 
scribes a very acute conical surface in 18.6 years, which is the time 
required for the line of nodes to complete an entire revolution. This 
gyratory motion is similar to that of the earth's axis as explained in 
Art. 73. 



The Moon's Librations. 

96. In consequence of the moon's irregular motion her 
visible face is not always exactly the same ; it is subject to 
slight periodical changes, such as would be produced if the 
moon were made to rock back and forth around certain lines 
as axes. These oscillatory motions, which are only apparent, 
are called librations. 

The moon has two principal librations, one with respect 
to an axis perpendicular to the plane of the orbit, and the 
other with respect to an axis in that plane ; the former is 
called libration in longitude, and the latter libration^ 
in latitude. 

1°. Liibration in longitude. This libration is due to 
the fact that the moon revolves uniformly around her axis 
whilst her angular velocity with respect to the earth is 
variable. Because the moon's radius-vector sweeps over 
egnal areas in eqnal timea^ she will occnp'j t\i.^ «».\xi^ NaVoafcY^ 
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passing from perigee to apogee as in passing from apogee to 
perigee ; hence, so far as this libration is coucemed, the 
visible face of the moon at apogee will be the same as at 
perigee. In setting out from perigee her orbital angular 
velocity is greater tiian her angular velocity of rotation ; 
we therefore see more of her western and less of her eastern 
face than we do at perigee. The additional portion that 
thus becomes visible goes on increasing during the first 
quarter of the anomalistic period, and then it deci^ases 
during the second quarter, at the end of which time the 
visible portion, as we have said above, is the same as at 
perigee. But, in setting out from apogee the circum- 
stances of motion are reversed, and we see more of her 
eastern and less of her western face than we do at apogee. 
This additional portion goes on increasing during the third 
quarter of the anomalistic revolution, and then it dimin- 
ishes during the fourth quarter, at the end of which time 
the moon presents to us the same faee as at apogee. 

The entire cycle of this libration is equal to the anoma- 
listic period of the moon, during which the appearances 
presented are the same as the ugh the moon had been 

slightly rocked back and 
forth around an axis jjer- 
pendicular to the plane of 
her orbit. 

Explanation. M and P are the 

poBitions of the moon at perigee and 

apofi^ec ; N and Q are her positions at 

the end of the first and third quarters 

of her anomalistic revolation; ab is 

the plane that determines the visible 

portion of her snrfiuse when at M and 

P ; and cd and tf are the planes that 
Fig. 52. The Moon^s Libration in Longitude. ,j^,^ ^^^ ^^.^,^ ^^^ ^^^^ ^^ j^ 

and Q. 

2°. Libration in latitude. Tl\\\» \\\swi.^o\i \a A\s.^ ^ 
the fact that the axis of the mooTL \a \xic\m^^ "«> >3cv^^«!aft 
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of her orbit. When the moon is at either node the plane 
that limits her visible surface passes through her axis^ and 
consequently the visible surface extends from pole to pole. 
When her angular distance from either node is 90°, the 
plane that limits her visible surface makes an angle of G^° 
with the axis ; if at this time she is south of the ecliptic, 
the visible surface extends 6^° beyond the north pole, but 
if she is north of the ecliptic the visible surface extends 
6^^ beyond the south pole. 

The entire cycle of this libration is equal to the nodical 
period of the moon, during which the appearances pre- 
sented are the same as though the moon had been slightly 
rocked back and forth around the line of nodes of the 
moon's orbit. 

0r- 



s 



No 

Tws) 




Fi^. 58. The Moon's Libration in Latitude. 

Ezflahation. The plane of the paper is perpendicular to the line of nodes 
Tirhich is projected at E, the place of the earth ; EC is the projection of the ecliptic ; 
M and Q are the positions of the moon when 90° A-om either node ; NS is the axis 
of the moon ; and ab and ai are the planes that limit the visible part of the moon's 
sorfioce when at M and Q. 

In this connection we may mention a change that takes place in 
the visible face of the moon between the times of rising and setting. 
This change, which is sometimes called the diurnal libration, is sim- 
ply parallactic It is dae to the fact that the centre of tlie moon's 
visible face as seen from the surface of the earth is not the same that 
it would be if seen from the centre. As a consequence, a little more 
of her toestern limb, or edge, is visible at the time of rising and a little 
more of her ecutern limb, or edge, at the time of setting than can be 
seen when she is on the meridian. 

The combined effect of the moon's libratAOiv^ ^\v^Jc\^'3>\y5. 
at one time or another to see nearly ^t\\a ol V\i^ xck.QQ\J^ 
entire surface. 
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Variation of the Moon's Meridian Altitude. 

97. It is a matter of common observation that the alti- 
tude of the moon at her upper culmination is widely varia- 
ble. This variation is caused by the continual change in 
the moon's declination. 

The moon's meridian altitude, as observed at any place, is 
equal to the co-latitude of the place increased by the woon's 
declinatio7iy due regard being paid to the sign of the latter 
element (Art. 16). Now, the moon's declination depends 
not only upon her place in her orbit, but also on the posi- 
tion of her orbit with respect to the ecliptic. The variation 
in the moon's declination is greatest when the ascending 
node of her orbit is at the vernal equinox, and least when 
the ascending node is at the autumnal equinox. In the 
former case the declination varies in a nodical period from 
4.28^° to —28^° ; in the latter case it varies from -|-18i° 
to — 18J° in the same time. 

For a place whose latitude is 40** N. the greatest meridian altitude 
of the moon in any month is 78|% and the least meridian altitude 
is 22i°. 

On the day that the moon has the greatest meridian alti- 
tude in any month she is said to run high, and on the day 
that her meridian altitude is least slie is said to run low. 

The full moon, being nearly opposite to the sun in the 
heavens, will be north of the equinoctial when the sun is 
south of it, and south of the equinoctial when the sun is 
north of it. Hence, in winter the full moon tends to run 
high, and in summer to run low. We therefore have the 
greatest amount of moonlight in the long nights of winter, 
and the least amount in the short nights of summer. 

The Harvest Moon. 

98. On account of the eastward. moW-oxi ol Vlti'^ xcLontL ^«^^ 
respect to the sun^ her time of x\smg\a eowWww^^ Tetaxdcd ; 
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her daily retardation^ which is variable, amounts on an 
average to about 49 minutes. The retardation is least when 
she is in that part of her orbit which is least inclined to the 
horizon, for in that case her daily advance carries her but 
little below the horizon, and consequently the change in the 
time of her rising is correspondingly small. The retarda- 
tion in the time of rising of the full moon that falls near 
the time of the autumnal equinox is generally less than 
half an hour for several days in succession. In England, 
on account of increased latitude, the phenomenon in ques- 
tion is more strongly marked than it is in the United 
States ; and because it occurs about the time of their har- 
vest, the September moon has been called the harvest 
moon. 

Character of the Moon's Surface. 

99. To the naked eye the surface of the moon presents a 
mottled appearance such as we might suppose it would offer 
if it were made up of land and water. When examined 
with a good telescope, it is found that the brighter portions 
arc mountains and the darker portions slightly undulating 
plains, but no trace of water is anywhere to be seen. 

The mottled appearance of the moon's surface, which is 
more strongly marked along the terminator, is shown in 
Fig. 54. 

100. Taken as a whole, the visible surface of the moon 
is exceedingly irregular, more than half of it being made 
up of rugged mountain masses variously grouped and ar- 
ranged. Occasionally we see an isolated peak casting its 
black shadow on the neighboring plain, and sometimes we 
meet with a continuous mountain range inteiTupted by deep 
and rocky gorges ; but for the most part the grouping is so 
irregular as to defy all attempts at descn^XivoTi. 'IV^ ^- 

mngement of the mountain systems ia aVvo^'n m^?,. ^^* 
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101. The roughneBB of a Itirge portion of the lunar aor- 
&ce is much greater than that of oar most moautainoiu 
regions. The ridges eveiywhere show an abrnptness of de- 
clivity and a Bharpneas of outline which seem to preclnde 
all idea of the existence of those atmospheric agencies 
which are ever at work smoothing down and rounding off 
irregnlarities on the surface of the earth. The mgged char 
acter of the moon's snrface is shown in Fig. 66. 




lOa A striking feature in the lunar topography is the 
tendency of its monntain forma to a circular anangement 
The number of crater-like objects that are shown by a good 



telescope amoants to man j thonsanda ; in some parts of the 
moon they are crowded together hke the cells of a honey- 
comb. The larger formatioas of this class consist of circu- 
lar ridges enclosing large plains ; the enclosed areas are 
called Imlwafk plains, and their snrroundiDg ridges are 
named ring mountalna In almost every case of this kind 
the inner slope of the ring mountain is steeper than the 
N 




TtxrUkKATKOt. Tha lop of Fig. SB correepoiuls to Iha norihem Umb or Itm 
mooD and tlie leR-haod ilde to the eutern Umb. Tbe prominent moDtitain range, 
orlgtuatlDg neiraluige enter-like ftmusUon Id tbe nartli-eantem qoadraat and 
miming In a north-weilcrl; direction, 1b called Uu Apmnlaa ; the crater tteelf is 
named Oopemiaii. The Bharlei chain, north of and nearly perpendlealac Id the 
Apennlne range, bnt Mpuated from It bf » wide gap, la called <A< jtlpi! the Alpine 
chain tennlnates toward the north-eut In a large crater named Ptalo. The eouth- 
eni part of the fignre shoni little else than a coofotwd maea of com(>a£ted cllSk, 
ildgee, and lOkaslc cnlen. 



132 ASTRONOHY. 

outer one. In some instances tlie ring mountain i» made 
up of irregular concentric rangea; such a formation is 
abown in Kg. 57. 




the AJpluE Kegloo. 



EirLtNinoH. Tbe latgc enter toward the app«r put of the llgnre In PtalB ; 
tb« characler of lu bonndlng rim ie Blioa'ii b; the ab«doir> cut an tha jtnor of tlw 
eucloHHl area. Tbe remarkftfale cleft, Imvenlng the middle put of tbe laaxe, ia 
the grtat toIUv qf the Alpa ; It la mora Uiui 80 mttee long, from a| to S| mllee wide, 
aud more ttaan 1 mllen la depth M ita deepest part. Tbe lover part of tbe llgnre 
lepreseote a part of the great plain, called Mart BMrlntm. 

The smaller circalar formationB have every appearance of 
being true volcanic craters. In some of these the central 
depression consists of a deep cavity, apparently terminating 
in a point ; in others the central depression terminates in a 
flat plain lying below tbe general level of tbe moon's sur- 
face ; not infrequently there is a conical peak rising from 
the middle of this^oor of the crater. 




Fig. B1 repmeati tbe ring moDntatn Copernicus. It la CDm- 
potad of temeM and rldget eepaisted b; d««p nrlnei. Tbe diameter of Ibe on- 
doHd ■!«» la more Ehan BO mll«. Blelng from Ehe encloud pli^ are S or S peake. 
one of whteh ia nearly half a mUe In belgtit. 

103. In Bome -parts of the Innar Bnrface vast cracks or 
fissareB exist, which may be traced to a coDgiderable distance 
from their apparent origin. Such a system of crackB ia 
shown in Fig. 58, the principal oaes aeeming to start from 
a small crater, near the large ring mountain, or crater, 
Triesnecker, situated not far from the centre of the lunar 
aiflk. • 
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Another example of these craclca, or &ultfi, is shown in 
Fig. 59, which represents an ideal view of the peak named 
Pico, situated nearly sonth of Plato in the Mare Imbrium. 




104. At the time of full moon several systems of bright 
Btreaks are seen, each system diverging from a central 
crater. Of these the moat remarkable set seems to originate 
in Tycho, the most prominent volcanic centre in the sonth- 
erii hemisphere of the moon. Some of these streaks extend 
to a distance of more than 1,700 miles. They appear to 
coincide with the general level of the moon's surface, and 
in many caaes they pass over mountains and across ravines 
without any apparent intermption. Proctor says: "It 
seems clear that, as Kasmyth has illustrated by experiment, 
they belong to that stage of the moon's history when her still 
hot and plastic crust parted with its heat more rapidly than 
the nucleus of the planet, and so, contracting more quickly, 
was rent by the resistance of the iuternal matter, which, still 
hot and molten, flowed into the rents, and sjneading, formed 
the long hroad streaks of brighter surface." 



VI. THE SUN AND PLANETS. 

The Sun's Place in the System. 

105. The sun is the principal body of the solar system^ 
and as such it not only controls and regulates the motions 
of all the others^ but it is to them their chief source of 
lights heat, and physical energy. His volume is more than 
600 times the volume of all the planets taken together, and 
his mass is more than 700 times their aggregate mass. 
Among the fixed stars he is a peer, but in the solar system 
he is a ruler. 

Orbit of the Earth. The Sun's Apparent Orbit. 

106. It has already been stated (Art. 11) that the sun's 
apparent annual motion from west to east among the stars 
is due to the actual motion of the earth, which revolves 
around the sun in an orbit whose plane passes through the 
centres of the two bodies and retains a sensibly fixed posi- 
tion with respect to the stars. 

If the line joining the centres of the earth and sun be 
indefinitely prolonged, it will meet the celestial sphere in 
two points diametrically opposite to each other. One of 
these is the heliocentric place of the earth, and the other 
is the geocentric place of the sun. Inasmuch as the line 
from the earth to the vernal equinox is parallel to the line 
from the sun to the same point, it follows that the differ- 
ence between the geocentric longitude of the sun and the 
heliocentric longitude of the earth is equal to 180°. 

The orbit of the earth is an ellipse having one of its 
foci at the centre of the sun. Its e^Lcentriclty \% «):M\xt 
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^, that is, the distance of the sun from the centre of the 
orbit is about one-sixtieth of the semi-transverse axis. The 
heliocentric longitude of the perihelion point at the present 
time is not far from 100° 54' ; hence, the geocentric longi- 
tude of the sun when in apogee, that is, when nearest the 
earth, is about 280° 54'. 

The relation between the earth's actual orbit around the 
sun and the sun's apparent orbit around the earth is illus- 
trated in Fig. 60. 




Fig. 60. Diagram showing the Barth^e Actual Orbit and the Sun^s Apparent 
Orbit. 

Explanation. Diagram (A) represents the real orbit of the earth: S is the sun 
at one focus ; C is the centre ; SC is the excentricity, CE being equal to 1, and SO to 
.01677 ; E is the perihelion point ; V shows the direction of the vernal eqninox ; 
ySE is the heliocentric longitude of E ; E' is the aphelion point ; and E" is any 
point of the orbit, its radius-vector being SE'^. Diagram (B) represents the appar- 
ent or relative orbit of the sun : B is the earth at one focus ; S is the place of the 
Hun when in perigee ; S', his place at apogee ; V shows the direction of the vernal 
equinox ; YES, reckoned around to the left, is the geocentric longitude of S ; and 
S'' is the position of the sun corresponding to E'' in diagram A, the line ES'' being 
always equal to SE'^ but lying in the opposite direction. 

107. The angle between the plane of the earth's orbit 
and that of the equinoctial, which is the same as the ob- 
liquity of the ecliptic, may be found when we know the 

sun's right ascension and deelina- 
S^C ^^^^ ; it is equal to about 23° 27'. 

Let V be the vernal equinox ; VC, an 
arc of the ecliptic ; VQ, an arc of the 
equinoctial ; S, the position of the sun ; 
VD, his right ascension ; and DS, its 




Fig. 61. Diagram. 
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declination. In the right-angled apherical triangle YDS we know the 
right angle and the two adjacent sides ; hence, the other parts may be 
computed. The angle V is the obliquity ^ and the hypothenuse VS is 
the sun's geocentric longitude. The earth's heliocentric longitude is 
found by adding ISO"* to VS, diminishing the sum by 860°, if neces- 
sary. 

Variation of the Earth's Distance from the Sun. 

10& The earth is in perihelion about the last of Decem- 
ber^ and at that time is nearest the sun ; a half year later 
she is in aphelion^ and at that time is farthest from the sun. 
Her distance from the sun increases continually from peri- 
helion to aphelion, and then it diminishes continually to 
perihelion, and so on perpetually. To compute her dis- 
tance at any time we must know her mean distance, which 
is equal to the semi-major axis of her orbit, and her angu- 
lar distance from the perihelion point, which is called the 
anomaly. 

If in Diagram (A), Fig. 60, we make the semi-major axis, CE, equal 
to 1, the ezcentricity equal to .01677, any radius- vector, SE", equal to 
r, and the corresponding anomaly, ESE'', to ^, we have from the polar 
equation of the ellipse 

r = .99972-i-(l + .01677 cos ^), 

from which the earth's distance can be computed when we know d, 
which is equal to the heliocentric longitude of the earth (increased by 
860°, if necessary), diminished by that of the perihelion point. If 
^=0, we have r=.98828; if ^=180% r=1.01677; these are the peri- 
helion and the aphelion values of r. 

The values of r, as found from the preceding formula, correspond 
to the mean distance 1 ; if we multiply each by 92,500,000 miles, the 
products will be the corresponding values of r in miles. 

Astronomical Units. 

109. In measuring the distances and dimensions of the 
solar system (except in case of the moon) astronomers em- 
ploy, in the first instance, the earth's mean distance 
from the 8\m as a unit. The mean distances oi ^\l iVi<^ 
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other planets in terms of this unit are deduced from their 
periodic times (which can be found by observations that are 
comparatively simple) by means of Kepler's third law. From 
these distances, combined with suitable observationg on the 
bodies themselves, all the other distances and dimensions of 
the system are deduced. 

To convert these relative distances and dimensions into 
miles, each must be multiplied by the number of miles in 
the earth's mean distance fi*om the sun, and any error in 
this distance will give rise to a proportionate error in each 
of the others. 

In determining the oiasses oi the bodies of the solar sys- 
tem the mass of the earth may be taken as the unit, but 
for purposes of computation it is often moi'e convenient to 
regard the sun's mass as the unit. 

The Different Solar Periods. 

110. A sidereal year is the time required for the earth 
to make a complete revolution around the sun. It is the 
same as the earth's periodic time, and is equal to the inter- 
val between two successive conjunctions of the sun and the 
same fixed star. Expressed in mean solar time, it is found 
to be equal to 365d. 6h. 9m. 9s., or to 365.25636 days. 

A tropical year is the interval between two successive 
returns of the sun to the vernal equinox. This is the year 
to which our calendars are adjusted, and is equal to 365d. 
5h. 48m. 46s., or to 365.2422 days. Inconsequence of the 
precession of the equinoxes the tropical year is shorter than 
the sidereal year by the time required for the sun to move 
over an arc of 50".2, that is, by a little more than 20 
minutes. 

The anomalistic year is the interval between two suc- 
cessive returns of the earth to perihelion. In consequence 
of perturbation, the earth^s perihelion has a slow motion 
from west to east amounting to about 11". 5 per year. In 
consequence of this advance of the perihelion point, the 
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anomalistic year is longer than the sidereal year by the time 
it takes the earth to move over an arc of 11''. 5. The length 
of the anomalistic year is equal to 365d. 6h. 13m. 49s., or to 
365.2596 days. 

The nodical period is the interval between two succes- 
sive returns of the sun to the ascending node of the moon's 
orbit This period is used in treating of eclipses ; in conse- 
quence of the rapid retrogression of the moon's nodes, it 
falls considerably short of a year. Its value expressed deci- 
mally is 346.62 days. 

Periodic Times of the Planets. 

111. The periodic time of a planet may be deduced from 
the length of its synodic period in the following manner. 
If we divide 360° by the earth's periodic time the quotient 
will be the mean daily angular motion of the earth around 
the sun. Now, an inferior planet has a greater angular 
velocity than the earth, in consequence of which it gains a 
complete revolution of 360° in a synodic period ; hence, if 
we divide 360° by the number of days in the synodic period, 
the quotient will be the average daily gain of the planet, 
and this added to the earth's daily motion will give the 
planet's mean daily angular motion about the sun ; the 
number of times that this result is contained in 360° will 
be the number of days in the planet's periodic time. 

In the case of a superior planet it is the earth that gains 
360° in a synodic period ; if therefore we divide 360° by the 
number of days in the synodic period and subtract the quo- 
tient from the earth's daily motion, the difference will be 
the planet's daily motion, from which the periodic time may 
be found as before. 

From the preceding principles we may deduce a simple formula 
for the periodic time of a planet. Let _e denote the earth's periodic 
time ; p, the planet's synodic period ; and t, the planet' » i^fefvod\<i, Myqi^^, 
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all expressed in days. From what has been said before, we have for 
the daily motion of the planet 



860' 860 

± 



-, which is equal to 860' (^j ; 



dividing 860° by this result, we have, 

pe 



t = 



p±e' 



in which the upper sign is to be used for an inferior, and the lower 
sign for a superior planet. The value of p is found by actual observa- 
tion. It is to be noted that the value of p for the same planet is slightly 
variable, and to secure accuracy the mean of a great number of synodic 
periods should be taken. 

Irregularities of Planetary Motion. 

112. As seen from the sun, each of the planets has a con- 
tinuous progressive motion from west to east ; this mo- 
tion, however, is not quite uniform, being greatest when the 
planet is in perihelion and least when it is in aphelion. 
When viewed from the earth, the planetary motions are 
exceedingly ii-regular ; sometimes the motion of a planet is 
direct, then after a short period of apparent rest it becomes 
retrograde, and again, after another short period of appar- 
ent resfc, it once more becomes direct, and so on, the cycle 
of change for each planet being equal to its synodic period. 
The arc of direct motion is always greater than that of 
retrogradation, so that the aggregate motion for long 
periods is from west to east. 

The cause of these irregularities is the motion of the 
earth, the stand-point from which the planetary motions 
are viewed ; in other words, the apparent motions of the 
planets are purely relative. According to the laws of rela- 
tive motion, a planet should appear to advance about the 
time that it is farthest from the earth, and to retrograde 
about the time that it is nearest to the earth ; this is what 
is actually observed. 
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The coDditionn nnder wMcli the motions are either direct or retro- 
grade are shown in Fig. 63. 





Fig. 82. Illustrating the direct and retrograde motions of the planets. 

Of two planets, the one that is nearer the sun has tlie greater an- 
gular and also the greater linear velocity. This being premised, let 
AB, in the left-hand diagram, be an arc of the earth's orbit, and CD 
the corresponding arc of the orbit of a superior planet at about the 
time it is nearest the earth, that is, in opposition ; also let ed and ab 
be arcs on the celestial sphere. When the earth is at A the planet 
appears to be at e, and when the earth is at B the planet appears to 
be at (2 ; hence, whilst the earth moves over the arc AB the planet 
appears to move over the arc cd, that is, it retrogrades. Now let us 
suppose that CD is an arc of the earth's orbit and AB the correspond- 
ing arc of the orbit of an inferior planet at about the time it is nearest 
the earth, that is, in inferior conjunction. In the same manner as 
before It may be shown that whilst the earth is moving from C to D, 
the apparent motion of the planet will be from a to &, that is, retro- 
grade. Hence, when a planet i9 nearest the earth, whether it is a 
superior or an inferior one, its apparent motion is retrograde. 

Again in the right-hand diagram, let AB be an arc of the earth's 
orbit and CD the corresponding arc of the orbit of a superior planet 
at about the time it is farthest from the earth, that is, in conjunction. It 
may be shown as before that whilst the earth moves over the arc AB, 
the planet seems to move over the arc cd, that is, its motion is direct. 
Now let DC be an arc of the earth's orbit and AB the corresponding 
arc of the orbit of an inferior planet at about the time it is farthest 
from the earth, that ia, in superior conjunction. \\. xna.^ \^ ^c^;?rGL *^ 
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outer one. In some inBtaoceB the ring mountain J9 made 
np of irregular concentric ranges j aach a formation is 
shown in Fig. 57, 




e\g. H. Sulin;«l V iew of the Alpiui 



BzFUHiTiON. 'ne large emer toward Ibe opper p«rt or tbe Hgure li- Halo ; 
ilwchuacter of its bnandln^ Hm ie Hhowu by the uhadoweeut on tbejiooror the 
encloAod Area. The remirkable cleft, tnverelng the middle part of the FaDge, Is 
ae great vailev cfOu Alpg ; it IR more tb«i 80 miles long, from SI to S| tslles wide, 
■nd more than 1 mllee In depth at Its deepest put. The lower put of the llgnre 
represents 1 part at the great plahi, called Man Imbriam. 

The smaller circular formations have every appearance of 
being true Tolcanie craters. In some of these the central 
depression consists of a deep cavity, apparently terminating 
in a point ; in others the central depression terminates in a 
flat plain lying below the general level of the moon's sur- 
face ; not infrequently there is a conical peak rising from 
the middle of thisjioor of the crater. 
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Si^LUiATTOir. Fig. n repreflflnti the ring monnraln CopemlGUBr ll Is com- 
poHd of tasnoei and ildgee eepanled bj deep nvlne«. The diuneler or the v n- 
doud im b more ttun SO mllea. RIaLuk Crom Ox enclosed plain ure S or 8 peihB, 
oDB ot wbleh ll neul; half a mile In height. 

103. In some'parU of the lunar surface vast cracks or 
fiBsares exist, which may be traced to a considerable distance 
from their apparent origin. Such a syatem of cracks is 
shown in Fig. 58, the principal ones Beeming to Btart from 
a email crater, near the large ring mountain, or crater, 
Trieanecker, situated not far from the centre of tlie lunar 
disk. 
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Another example of these cracks, or bmlU, is shown in 
Fig. 59, which represents an ideal viev of the peak named 
Pico, situated nearly sontb of Kato in the Mare Imbrium. 
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104. At the time of full moon several systems of bright 
streaks are seen, each system diverging from a central 
crater. Of these the most remarkable set seems to originate 
in Tyeho, the most prominent volcanic centre in the south- 
ern hemisphere of the moon. Some of these streaks extend 
to a distance of more than 1,700 miles. They appear to 
coincide with the general level of the moon's surface, and 
in many cases they pass over mountains and across ravines 
without any apparent interruption. Proctor says: "It 
seems clear that^ as Nasmytb has illnstrated by experiment, 
they belong to that stage of the moon's history when her still 
hot and plastic crast parted with ite heat more rapidly than 
the nucleus of the planet, and so, contracting more quickly, 
was rent by the resistance of the internal matter, which, still 
hot and molten, flowed into the rents, and spreading, formed 
the long broad streaks of brighter surface," 



VI. THE SUN AND PLANETS. 

The Sun's Place in the System. 

105. The sun is the principal body of the solar system, 
and as such it not only controls and regulates the motions 
of all the others, but it is to them their chief source of 
light, heat, and physical energy. His volume is more than 
600 times the volume of all the planets taken together, and 
his mass is more than 700 times their aggregate mass. 
Among the fixed stars he is a peer, but in the solar system 
he is a ruler. 

Orbit of the Earth. The Sun's Apparent Orbit. 

106. It has already been stated (Art. 11) that the sun's 
apparent annual motion from west to east among the stars 
is due to the actual motion of the earth, which revolves 
around the sun in an orbit whose plane passes through the 
centres of the two bodies and retains a sensibly fixed posi- 
tion with respect to the stars. 

If the Une joining the centres of the earth and sun be 
indefinitely prolonged, it will meet the celestial sphere in 
two points diametrically opposite to each other. One of 
these is the heliocentric place of the earth, and the other 
is the geocentric place of the sun. Inasmuch as the line 
from the earth to the vernal equinox is parallel to the line 
from the sun to the same point, it follows that the differ- 
ence between the geocentric longitude of the sun and the 
heliocentric longitude of the earth is equal to 180°. 

The orbit of the earth is an ellipse having one of its 
foci at the centre of the sun. Its excentricity is about 
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■^, that is, the distance of the sun from the centre of the 
orbit is about one-sixtieth of the semi-transverse axis. The 
heliocentric longitude of the perihelion point at the present 
time is not far from 100° 54' ; hence, the geocentric longi- 
tude of the sun when in apogee, that is, when nearest the 
earth, is about 280° 54'. 

The relation between the earth's actual orbit around the 
sun and the sun's apparent orbit around the earth is illus- 
trated in Fig. 60. 




Fig. 60. Diagram showing the Barth*e Actual Orbit and the Sun^a Apparent 
Orbit. 

Explanation. Diagram (A) repreeente the real orbit of the earth: S is the sun 
at one focus ; C is the centre ; SC is the excentricity, CE being equal to 1, and SC to 
.01677 ; E is the perihelion point ; V shows the direction of the vernal eqninox ; 
ySE is the heliocentric longitude of E ; E' is the aphelion point ; and E" is any 
point of the orbit, its radius-vector being SE'^. Diagram (B) represents the appar- 
ent or relative orbit of the sun : B is the earth at one focus ; S is the place of the 
Hun when in perigee ; S^ Jtiis place at apogee ; V shows the direction of the vernal 
equinox ; YES, reckoned around to the left, is the geocentric longitude of 8 ; and 
S'' is the position of the sun corresponding to E'' in diagram A, the line ES'' being 
always equal to SE'', but lying in the opposite direction. 



107. The angle between the plane of the earth's orbit 
and that of the equinoctial, which is the same as the ob- 
liquity of the ecliptic, may be found when we know the 

sun's right ascension and deelina- 
S>C ^^^^ 5 ^^ is equal to about 23° 27'. 



Let V be the vemal equinox ; VC, an 
arc of the ecliptic ; VQ, an arc of the 
equinoctial ; S, the position of the sun ; 
VD, his right ascension; and DS, its 




Fig. 61. Diagram. 
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dedinatioii. In the right-angled spherical triangle YDS we know the 
right angle and the two adjacent sides ; hence, the other parts may be 
oompnted. The angle V is the dbUquitffy and the hypothenose VS is 
the sun's geocentric longitude. The earth's heliocentric longitude is 
fonnd by adding 180'' to VS, diminishing the sum by 360°, if neces- 
sary. 

Variation of the Earth's Distance from the Sun. 

108. The earth is in perihelion about the last of Decem- 
ber^ and at that time is nearest the sun ; a half year later 
she is in aphelion^ and at that time is farthest from the sun. 
Her distance from the sun increases continually from peri- 
helion to aphelion, and then it diminishes continually to 
perihelion, and so on perpetually. To compute her dis- 
tance at any time we must know her mean distance, which 
is equal to the semi-major axis of her orbit, and her angu- 
lar distance from the perihelion point, which is called the 
anomaly. 

If in Diagram (A), Fig. 60, we make the semi-major axis, CE, equal 
to 1, the excentricity equal to .01677, any radius-vector, SE^', equal to 
r, and the corresponding anomaly, ESE'^ to <f>, we have firom the polar 
equation of the ellipse 

r = .99972-*-(l + .01677 cos 9), 

from which the earth's distance can be computed when we know 6, 
which is equal to the heliocentric longitude of the earth (increased by 
860°, if necessary), diminished by that of the perihelion point. If 
^=0, we have r=.08323; if 0=180% r=1.01677 ; these are the peri- 
helion and the aphelion values of r. 

The values of r, as found from the preceding formula, correspond 
to the mean distance 1 ; if we multiply each by 92,500,000 miles, the 
products will be the corresponding values of r in miles. 

Astronomical Units. 

109. In measuring the distances and dimensions of the 
solar system (except in case of the moon) astronomers em- 
ploy, in the first instance, the earth's mean distance 
from the sun as a unit The mean distances oi ^\L i\^^ 
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other planets in terms of this unit are deduced from their 
periodic times (which can be found by observations that are 
comparativ ely simple) by means of Kepler's third law. From 
these distances^ combined with suitable observations on the 
bodies themselves, all the other distances and dimensions of 
the system are deduced. 

To convert these relative distances and dimensions into 
miles, each must be multiplied by the number of miles in 
the earth's mean distance from the sun, and any error in 
this distance will give rise to a proportionate error in each 
of the others. 

In determining the masses oi the bodies of the solar sys- 
tem the mass of the earth may be taken as the unit, but 
for purposes of computation it is often moi*e convenient to 
regard the sun's mass as the unit. 

The Different Solar Periods. 

110. A sidereal year is the time required for the earth 
to make a complete revolution around the sun. It is the 
same as the earth's periodic time, and is equal to the inter- 
val between two successive conjunctions of the sun and the 
same fixed star. Expressed in mean solar time, it is found 
to be equal to 365d. 6h. 9m. 9s., or to 365.25636 days. 

A tropical year is the interval between two successive 
returns of the sun to the vernal equinox. This is the year 
to which our calendars are adjusted, and is equal to 365d. 
5h. 48m. 46s., or to 365.2422 days. In consequence of the 
precession of the equinoxes the tropical year is shortei' than 
the sidereal year by the time required for the sun to move 
over an arc of 50". 2, that is, by a little more than 20 
minutes. 

The anomalistic year is the interval between two suc- 
cessive returns of the earth to perihelion. In conseqneoce 
of perturbation, the earth's perihelion has a slow motion 
from west to east amounting to about 11".5 per year. In 
consequence of this advance of the perihelion point, the 
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anomalistic year is longer than the sidereal year by the time 
it takes the earth to move over an arc of 11". 5. The length 
of the anomalistic year is equal to 365d. 6h. 13m. 49s., or to 
365.2596 days. 

The nodical period is the interval between two succes- 
sive returns of the sun to the ascending node of the moon's 
orbit. This period is used in treating of eclipses ; in conse- 
quence of the rapid retrogression of the moon's nodes, it 
falls considerably short of a year. Its value expressed deci- 
mally is 346.62 days. 

Periodic Times of the Planets. 

111. The periodic time of a planet may be deduced from 
the length of its synodic period in the following manner. 
If we divide 360° by the earth's periodic time the quotient 
will be the mean daily angular motion of the earth around 
the sun. Now, an inferior planet has a greater angular 
velocity than the earth, in consequence of which it gains a 
complete revolution of 360° in a synodic period ; hence, if 
we divide 360° by the number of days in the synodic period, 
the quotient will be the average daily gain of the planet, 
and this added to the earth's daily motion will give the 
planet's mean daily angular motion about the sun ; the 
number of times that this result is contained in 360° will 
be the number of days in the planet's periodic time. 

In the case of a superior planet it is the earth that gains 
360° in a synodic period ; if therefore we divide 360° by the 
number of days in the synodic period and subtract the quo- 
tient from the earth's daily motion, the difference will be 
the planet's daily motion, from which the periodic time may 
be found as before. 

From the precedinpf principles we may deduce a simple formula 
for the periodic time of a planet. Let e denote tlie eartli's periodic 
time ; p, the planet's synodic period ; and t, the planet's periodic Ums^, 
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all expressed in days. From what has been said before, we have for 
the daily motion of the planet 



860' 860 

± 



e 
dividing 360° by this result, we have, 



50° /P±«\ 

- , which is equal to 860° \^) ; 



t = 



p±e* 



in which the upper sign is to be used for an inferior, and the lower 
sign for a superior planet. The value ofpiB found by actual observa- 
tion. It is to be noted that the value of p for the same planet is slightly 
variable, and to secure accuracy the mean of a great number of synodic 
periods should be taken. 

Irregularities of Planetary Motion. 

112. As seen from the sun, each of the planets has a con- 
tinuous progressive motion from west to east; this mo- 
tion, however, is not quite uniform, being greatest when the 
planet is in perihelion and least when it is in aphelion. 
When viewed from the earth, the planetary motions are 
exceedingly irregular ; sometimes the motion of a planet is 
direct, then after a short period of apparent rest it becomes 
retrograde, and again, after another short period of appar- 
ent rest, it once more becomes direct, and so on, the cycle 
of change for each planet being equal to its synodic period. 
The arc of direct motion is always greater than that of 
retrogradation, so that the aggregate motion for long 
periods is from west to east. 

The cause of these irregularities is the motion of the 
earth, the stand-point from which the planetary motions 
are viewed ; in other words, the apparent motions of the 
planets are purely relative. According to the laws of rela- 
tive motion, a planet should appear to advance about the 
time that it is farthest from the earth, and to retrograde 
about the time that it is nearest to the earth ; this is what 
is actually observed. 
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The coDditionn under which the motions are either direct or retro- 
grade are shown in Fig. 62. 

d 





Fig. 03. IlluBtratlng the direct and retrograde motioni) of the planets. 

Of two planets, the one that is nearer the sun has tbe greater an- 
gular and also the greater linear velocity. This hein^ premised, let 
AB, in the left-hand diagram, be an arc of the earth's orbit, and CD 
the corresponding arc of the orbit of a superior planet at about the 
time it is nearest the earth, that is, in opposition ; also let cd and a6 
be arcs on the celestial sphere. When the earth is at A the planet 
appears to be at 0, and when the earth is at B the planet appears to 
be at (7 ; hence, whilst the earth moves over the arc AB the planet 
appears to move over the arc cd, that is, it retrogrades. Now let us 
suppose that CD is an arc of the earth's orbit and AB the correspond- 
ing arc of the orbit of an inferior planet at about the time it is nearest 
the earth, that is, in inferior conjunction. In the same manner as 
before it may be shown that whilst the earth is moving from C to D, 
the apparent motion of the planet will be from a to &, that is, retro- 
grade. Hence, whtn a planet is nearest the earth, whether it is a 
superior or an inferior one, its apparent motion is retrograde. 

Again in the right-hand diagram, let AB be an arc of the earth's 
orbit and CD the corresponding arc of the orbit of a superior planet 
at about the time it is farthest from the earth, that is, in coni unction. It 
may be shown as before that whilst the earth moves over the arc AB, 
the planet seems to move over the arc cd, that is, its motion is direct 
Now let DC be an arc of the earth's orbit and AB the corresponding 
arc of the orbit of an inferior planet at about the time it is farthest 
from the earth, that ia, in superior conjunction. \\> t&».^ \y^ ^c^ntdl ^^ 
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before that whilst the earth moves over the arc CD the planet appears 
to move from a to b, that is, its apparent motion is direct. Hence, 
when a planet, whether superior or mferior, is farthest from the earth, 
its apparent motion is direct. 

Elements of a Planet's Orbit. 

113. To trace out the path of a planet in the heavens by 
means of Kepler's laws, we must know the position and the 
form of its orbit, and also the time at which the planet is 
at some determinate point of its orbit. 

The line of nodes (Art. 51) is the line in which the plane 
of the planet's orbit cuts the plane of the ecliptic. If 
therefore we know the heliocentric longitude of Jjjie 
ascending node, we know one line in the plane of the 
planet's orbit; if in addition we have the inclination of 
the orbit, the position of the plane of the orbit is completely 
fixed in space. 

Again, if we know the heliocentric longitude of the 
perihelion we know the direction of the major axis of the 
planet's orbit, and if in addition we know the mean dis- 
tance and the excentricity we know the shape and the 
dimensions of the orbit. 

Further, if we have the time when the planet is in peri- 
helion, called the epoch, and the periodic time of the 
j)lanet, we have all the data required for predicting the 
place of the planet at any time whatever. 

The quantities that must be known in order to predict 
the place of a planet are called elements. The method 
of finding some of these elements has already been ex- 
plained ; the others are found by methods of practical 
astronomy, descriptions of which do not fall within the 
scope of this work. For convenience of reference, we reca- 
pitulate the elements of a planet's orbit : 

1°. The heliocentric longitude of the ascending node ; 

2°. The inclination of the plane of the orbit to that of 
the ecliptic ; 
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-3°. The beliooentric longitade of tbe perihelion point; 
4°. The planefs mean distance from the enn ; 
6°. The exoentricity of the orbit; 
6°. Tbe epoch ; and 
7°. The pUnefs periodic time. 




■be dlfiCrent pUnets. 



An^lar Diameter. 



114. The angle subtended by the snn may be measured 
directly b^ mesn« of am icrometer, or its ■vtAae mag \* ift- 
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dnced from the observed time that it takes the san's disk 
to cross the meridian of any place. When the san is at 
his mean distance this diameter is a little more than 32' ; 
at other distances his apparent diameter Taries very nearly 
as the reciprocals of those distances. When nearest the 
earth his apparent diameter is about 32' 34'' ; when farthest 
from the earth it is about 31' 28''. 

The sun's apparent diameter as seen from the various 
planets, including two of the planetoids, is shown in 
Fig. 63. 

Wlien we know the sun's distance from the earth and his ang^olar 
diameter, we can find his diameter in miles by a simple compntation. 

BzFUJiATiov. The llgnre reprefrents 
a plane section of the earth and son, the 
plane passing throogfa the earthV centre 
B and the centre of the sun 8 ; £A is 
tangent to the section of the son, and SB 
to the section of the earth; E8 is the 
Hun's distance from the earth, and AS^ 
BE are radii of the son and earth ; the Fig- M. Diagram. 

angle AE8 is the i^parent or *"gBlar 
semi-diameter of the son, and BSB is the corresponding solar parallax. 

In the right-angled triangle EAS. ri^ht-angled at A, the perpen- 
dicular AS is equal to ES multiplied by the sine of the angle AES ; or 
denoting ES by D, AS by R, and the angle AEIS by A, we have 

R = D8ina (1). 

Knowing R we find the sun's -diameter by multiplying it by 2. If 
the distance ES is the mean distance, and if it is taken equal to 1, we 
have the sun's actual diameter equal to twice the sine of 16^ 

From the triangle ESB, we have EB. the earth's radius, denoted by 
r, equal to D multiplied by the elne of ESB, or, denottng the latter 
angle by n, 

r = D8inn^ (2). 

Prom (1) and (2) we have 

R : r : : sin d : sin IT (8). 

That is, the ratio of the sines of the sun's apparent aemi-diameter 
to the corresponding parallax of the sun is constant. 
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The Sun's Distance and the Solar Parallax. 

lis. It has been shown that the relative positions of the 
sun and planets can be found at any time, and also that 
their distances from each other can be expressed in terras 
of the earth's mean distance from the sun as a unit. Now, 
if the latter distance can be found in miles, all the other 
distances can also be found in miles; in fact, the dimen- 
sions of the solar system are so connected that the determi- 
nation of any one (except the moon's distance from the 
earth) is equivalent to the determination of all the others. 

Many different methods of finding the sun's distance have 
been devised, all of which are more or less indirect. Among 
these, the most noted are the following : 1°, by observations 
on the transit of Venus; 2°, by observations on Mars when 
in opposition ; and 3°, by means of the velocity of light. 

By observations on a transit of Venus. When 
Venus comes directly between the earth and the sun, as 
she does at long intervals, she may be seen as a round black 
spot traversing the sun's disk in a line which, were it not 
for the motion of the observer, would be a chord, parallel 
to the direction of the planet's motion. This phenomenon, 
which is called a transit of Venus, presents slightly dif- 
ferent aspects when seen from different points of the earth's 
surface, the chord of transit experiencing a parallactic dis- 
placement corresponding to the change of position of the 
observer. 

In the method of determining the solar parallax sug- 
gested by Halley, and commonly known as Halley's 
method, two stations are selected as far apart as possible, 
one in the northern and the other in the southern hemi- 
sphere, from each of which the whole transit can be seen. 
The times of beginning and end of the transit are observed 
at each station, and from these times, combined with the 
known rates of angular motion of the earth and Venus, the 
lengths of the chords of transit and aA^o V\\e v^\^\Mve,^\i^- 
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tween tbem are computed in seconds of arc. The distance 
between the chords in miks can be found firom the known 
positions of the points of observation and the relative dis- 
tances of the earth and Venus from the sun. We then have 
the data for computing the angle that would be subtended 
by the earth's equatorial radius at the sun's mean distance, 
which is the solar parallaoL 






Fig. 65. Solar Parallax by Halley's Method. 



Explanation. S is the mn ; V is Venus ; B is the earth ; A and D are two sta- 
tions, which, for the purpose of illnstration, are taken on a line perpendlcnlar tothe 
plane of the orbit of Venns ; PQ is the chord of transit seen ftt)m D ; and BT is the 
chord of transit seen from A. 



From obeervations at D the chord PQ is determined in seconds of 
arc, and from observations at A the chord RT is determined in seconds 
of arc. Let SE be perpendicular to both chords ; then in the triangle 
SQK we know QE and SQ, and consequently can compute SK ; in like 
manner we can find SH ; hence, we can find SE— SH, or HE in 
seconds of arc. Again, knowing AD in miles, we can find HE also 
in miles ; for from the similar triangles ADV and HEV we have 
HE=ADx(HV-t-VA) or since HV-t-VA equals about 73-*-28, or 2|, 
we have HE= AD x 2^. If we divide HV in miles by the number of 
seconds of arc in HV, the quotient will be the number of miles re- 
quired to subtend one second of arc at the sun's actual distance, and 
from this we can easily deduce the value of the solar parallax. 

The method of determining the solar distance suggested 
by Delisle, and commonly known as Delisle's method, 
depends on the principle that any phase of a transit (as its 
beginning, for example) is not seen simultaneously at all 
points of the earth's illuminated hemisphere. 
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To ondentand this method, suppose the son ana Venas to be en- 
veloped by a common tangent cone whose vertex, H, is between the 
two bodies, and let this cone be indefinitely prolonged beyond Venus ; 
then will this prolongation embrace all the points from which any 
jmrt of Venus will be projected on the face of the sun. As Venus 
moves past the earth, at the time of a transit, the advancing surfMse 

A L ^^^^-Ji -^:--; ^ 

, .^ ^ - 

Fig. 66. Solar Parallax by Delisle'e Method. 

of the cone will touch the surface of the earth (externally) at some 
point, A, at which the transit wiU begin earliest ; then, after sweep- 
ing over the earth, it will after a time become internally tangent at 
some point, 6, at which the transit will begin latent. During the in- 
terval between these times of beginning, both planets being in motion, 
Venus will pass over a portion, W, of its synodic orbit, the length of 
which in miles can be found from the length of AB, combined with 
the known positions and motions of the earth and Venus. 

In applying this method, two stations are selected, at one 
of which the phase to be observed begins early , and at the 
ofcher IMBj and their latitudes and longitudes are carefully 
determined. The Greenwich time of the phase in question 
is noted at each station, and the corresponding interval is 
found. The length of the corresponding arc of the synodic 
orbit of Venus is then computed. From these data and the 
known synodic period of Venus the entire length of the 
orbit of Venus can be found, and consequently the distance 
of Venus from the sun can be determined in miles. From 
this we can readily deduce the solar distance of our earth 
and also the solar parallax. 

By observations on Majrs when in opposition. 
The orbits of the earth and Mars are both excentric and 
their major axes are inclined to each otYieT \ \ietiCie, >Saft ^v 
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tances from the earth to Mars at diflFerent oppositions are 
widely different. The most favorable oppositions for de- 
termining the parallax are those that happen when Mars is 
nearest the earth, and these occur when Mars is near its 
perihelion. Such an opposition occurred in 1877, and 
another will happen in 1892. 

When a favorable c(J)position takes place, two stations are 
selected as far apart as possible, one in the northern and 
the other in the southern hemisphere. From the former 
the planet is displaced towards the south, and from the 
latter towards the north. Observations are made at both 
stations for some time preceding and following the period 
of opposition, the displacements being determined by me^ 
uring the angular distance of Mars from certain fixed stars 
by means of a filar micrometer. The computations are 
made in the manner already explained for determining the 
lunar parallax, and from them we deduce the distance of 
Mars from the earth. This distance being known, the solar 
distance and parallax are readily determined. 

Observations maj be made from a single station near the equator. 
Just after the rising of Mars he is thrown toward the east by the 
effect of parallax, and just before setting he is thrown toward the 
west. Between these times the observer is carried by the motion of 
the earth along an arc whose chord serves as a base line ; the principle 
is the same as before. 

By observations on the velocity of light. One of 
the most available, and perhaps one of the most reliable 
methods of determining the solar distance is by comparing 
the velocity of light with that of the earth, by means of the 
constant of aberration. The constant of aberration (Art 
71), which is equal to 20".49, is the angle at the vertex of a 
right-angled triangle whose base is the velocity of the 
earth and whose altitude is the velocity of light ; hence, 
the velocity of the earth may be found when we know that 
of light, and from this the solar distance and parallax can 
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be dedaoed. One of the most recent and probably one of the 
most accurate determinations of the velocity of light was 
made a short time since by Lieut. Michelson of the U. S. 
Navy ; he employed a modification of Foucault's appa- 
ratus, and obtained as a result the velocity 186,360 miUK 
per second ; this velocity corresponds to a solar parallax of 
about 8". 8. 

Summary. The observations on the transits of Venus 
in 1761 and 1769 were carefully compared and discussed by 
Enckb, who deduced for the solar parallax the value 
8". 587, a value that was used in computations for more 
than 30 years. This corresponds to a solar distance of more 
than 95,000,000 of miles. 

Since 1854 much doubt has existed as to the real value 
of the parallax, and many diflFerent opinions have been held 
by astronomers. All the recent observations, however, go 
to show that Encke's value is too small. 

Prof. Newcomb, in his Popular Astronomy, says : " It 
would appear that the solar parallax must lie between 
pretty narrow limits, probably between 8". 82 and 8".86, and 
that the distance of the sun in miles probably lies between 
92,200,000 and 92,700,000." Prof. Young, in his recent 
valuable work on the sun, says : " It would seem that the 
solar parallax cannot diflTer much from 8". 80, though it 
may be as much as 0".02 greater or smaller; this would 
correspond, as has already been said, to a distance of 
92,885,000 miles." 

A mere statement of the solar distance in miles conveys bat a 
feeble idea to tbe mind of one who is not trained to contemplate 
the gigantic distances of astronomy. To compare it with familiar 
things, let ns consider the rate of motion of an express train on one 
of our best railways. Tbe speed of such a train hardly exceeds 38 
miles an hour, at which rate it would have to run day and night 
for 8 entire years to accomplish a single million of miles, or more 
than 277 years to pass over a distance equal to that svhicik «;€\^«x«XAi& 
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us from the san. And yet we shall find that the solar distance, enor- 
moas as it is, sinks into insignificance in comparisoxi with that whidi 
interrenes between the son and the nearest fixed star. 



Diameter, Surface, and Volume of the Sun. 

116. The diameter of the sun in miles is equal to the 
solar distance multiplied by the natural sine of its angular 
semi-diaineter. Assuming the solar distance given by New- 
comb^ this diameter is about 860,000 miles, or in round 
numbers it is about 109 times the equatorial diameter of 
the earth. 

The surfaces of spheres are to each other as the squares 
of their radii, and their volumes are to each other as the 
cubes of their radii Hence, the surface of the sun is 
nearly 12,000 times as great as that of the earth, and his 
volume is about 1,280,000 times the volume of the earth. 

If we represent the earth by a ball 1 inch in diameter, the sun, on 
the same scale, would be represented by a globe feet in diameter, 
and the distance between the two globes would be more than ^ of a 
mile. 

Mass of the Sun. 

117. We may find an approximate value for the mass of 
the sun in terras of that of the earth by comparing the 
sun's attraction on the earth with the earth's at- 
traction on the moon, in accordance with the laws of 
motion and gravitation. 

Let us suppose the orbits of the sun and the moon to be circles, the 
radius of the former being denoted bj R, and that of the latter by r ; 
denote the mass of the sun by M and that of the earth by m; also 
denote the sun's attraction on a unit of mass at the earth's distance by 
F, and the earth's attraction on a unit of mass at the moon's distance 
by/. Then, from the law of universal gravitation (Art. 62), we have 

M m 
^'f'-Wfi . . « (1). 
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Because aciioii and reactioii are equal (Mech., Art. 12), the attrac- 
tion of the sun on a unit of the earth's mass is equal to the centrifu- 
gal force of that unit, and this, by a law of mechanics, is equal to the 
square of its velocity divided by the radius of curvature of its path. 
If we now denote the earth's periodic time by T, the length of her 
<»bit will be 2irR, and her velocity will be equal to Sn-R h- T. Squar- 
ing this, dividing by R, and malting the result equal to F, we have 

47r«R 
F = -Tf- (2). 

In like manner if we denote the moon's sidereal period by t, we 

have 

4ff*r 
f=-p- (8). 

Substituting these values of.F and /in (1), and suppressing the com- 
mon factor, 47r', we have 

R r M f7» 

'I^'?**R*'f^* * * * • ' ' '' 

fiom which we find 

M B,H* 

i»~r»'r« • W- 

Making R = 92,600,000, r = 289,000, T = 305.256, and t = 27.82, which 

are only approzipiate values, and reducing, we find — = 824,840, which 

m 

differs by less than 1 % from that given in Table 11., Art. 47, a value 

that was computed from more accurate data. 

Masses of the Planets. 

118. Formula (6) of the last article can be used for finding the 
mass of any planet having a satellite; for we may make T equal to 
the planet's periodic time ; R, its distance from the sun ; t, the time of 
revolution of the satellite : and r, its distance from the planet. Then, 
because M is known, we can deduce the valae of m, which in this case 
will be the mass of the planet. Mercury and Venus having no satel- 
lite, their masses must be determined from the perturbations produced 
by their attractions on other bodies of the system. The results of 
these computations are given in Table IL, Art. 47. 

The Sun's Light and Heat. 

119. Many experimeDts have been made to determine 
the light given oat by the sun in terms of what ^\i^«\Q;VSb& 
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call a candle power, and though successful to a certain 
degree, the results expressed in figures are so enormous as 
to be almost unintelligible. 

More satisfactory results have been reached in comparing 
the relative brightness of different parts of the solar disk. 
These comparisons show that the disk is brightest at its 
centre, and that the brightness diminishes, at first slowly 
and then more and more rapidly as we approach its edge, 
where, according to Pickering, it is no more than |ths of 
what it is at the centre. 

It has been shown by experiment that the amount of 
heat received from different parts of the solar disk varies 
according to a similar law, though its diminution in ap- 
proaching the edge is not so rapid as in the case of light. 
Prof. Langley found that the heat received from a small 
area near the border of the disk was about ^ of that received 
from an equal area at its centre. 

These results seem to show that the sun is surrounded 
by an absorbing medium whose action' on light and heat is 
similar to that of the terrestrial atmosphere. At the centre 
of the disk the rays of light and heat pass directly through 
the medium, and consequently experience a minimum 
amount of absorption. In approaching the border of the 
disk the rays pass through a continually increasing thick- 
ness of the medium, and consequently experience a contin- 
ually increasing amount of absorption. 

In 1838 Sir John Herschel undertook a series of observa- 
tions to determine the sun's annual expenditure of heat. 
By means of a suitable apparatus he allowed a beam of solar 
rays, 3 inches in diameter, to fall perpendicularly on a ves- 
sel containing a known quantity of water, and after a cer- 
tain time he observed the increase in the temperature of 
the water. From the data thus obtained he computed the 
amount of heat that falls upon a square yard perpendicu- 
larly exposed, and found that it was suflBcient to melt a 
layer of ice having the same area and a thickness of 1 inch 
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in about 2 boars and 18 minutes. Now, because the sun 
radiates beat equally in all directions, the entire amount of 
heat given out by the sun in 2 hours and 13 minutes is suf- 
ficient to melt a spherical shell of ice whose thickness is 1 
inch and whose radius is the distance from the sun to the 
earth. It has been shown that this enormous amount of 
heat is equal to that which would be produced by the com- 
bustion of a layer of anthracite coal extending over the en- 
tire surface of the sun and 35 feet in thickness. A simple 
computation will show that the heat given out by the sun 
in 6000 years would be more than that which would be pro- 
duced by the combustion of a volume of coal equal to that 
of the entire sun. 

The Sun's Probable Constitution. 

120. Becent researches lead to the belief that the sun 
consists of the following parts : 1"". A great central mass 
called the nucleus ; 2°. A shining, cloud-like envelope, 
8 or 10 thousand miles in thickness, surrounding the nu- 
cleus, and called the photosphere; 3°. An envelope of 
gases and vapors, 3 or 4 thousand miles in thickness, lying 
immediately outside the photosphere, and called the chro- 
mosphere; and 4°. An extremely tenuous atmospheric 
envelope, lying outside the chromosphere, and of unknown 
extent, called the corona. 

In this description it is not to be supposed that these 
parts are separated by definite surfaces, or that the en- 
velopes themselves are of uniform thickness throughout; 
all that is intended is to convey an idea of the order in 
which the parts are situated with respect to each other. 

The Nucleus. 

121. The nucleus of the sun forms at least nine- tenths 
of its entire volume, but being hidden from view by the 
intervening photosphere, we know little or nothing of its 
actual constitution. Some astronomers suppose that It U 
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composed of substances similar to those that make up our 
earth, but so intensely lieated that they cannot combine 
either chemically or physically, that is, they exist in a state 
that has been called dissociation. According to this view 
we may regard the solar nucleus as a mixture of metallic 
and other gases, so compressed that their average density is 
nearly 1^ times that of water. Inasmuch as we have noth- 
ing of an analogous description on our earth, it is almost 
impossible to reason either on the properties of such a body 
or on the conflicting forces that must be in constant activity 
among its ultimate atoms. It is not unreasonable to sup- 
pose that it is subject to great internal disturbance, and 
this supposition is rendered more than probable by the 
gigantic commotions that are continually manifested, both 
in the photosphere and in the chromosphere. This suppo- 
sition with regard to the nature of the nucleus involves as a 
necessary consequence a continually increasing temperature 
as we approach its centre. 

Before proceeding to a stady of what may be called the wiar enve- 
lopes, it will be necessary to explain the construction and use of the 
spectroscope. 



The Spectroscope. 

122. A spectroscope is an instrument used in analyz- 
ing light. It consists essentially of three parts : 1°, a col- 
limator whose function it is to form a flat beam of parallel 
rays ; 2°, either a prism or a finely-ruled siirfisu^e which 
disperses this beam so as to form a spectrum; and, 3°, 
a view-telescope, by means of which the different parts 
of the spectrum may be examined. 

In some of the best modem spectroscopes the spectra are 
formed by reflection from a ruled surface ; when, however, 
they are formed by refraction the requisite amount of dis- 
persion is obtained by using a train of prisms. 
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The essential parts of a simple refracting spectroscope are 
shown in Pig. 67. The collimator, which resembles iu 
appearance a small telescope^ is shown at A^ Instead of an 
eye-piece, there is a slit at K, through which the light to be 
analyzed is allowed to pass ; this slit is formed by means of 
two parallel jaws of metal which can be moved by screws 
so as to make the opening as narrow or as wide as desirable ; 
at L is a lens which can be so adjusted as to make the rays 
coming from the slit parallel to each other ; we then have a 
flat beam of light whose plane, like the direction of the slit,, 
is perpendicular to the plane of the paper. The refracting 
prism is shown at B, its edges being perpendicular to the 
plane of the paper. The prism is made of dense glass 
with a refracting angle N, equal to about 60° ; it can be 
turned around an axis (not shown in the drawing) parallel 
to its refracting edge so as to make the angle of incidence 
equal to the angle of emergence, a position which is found 
to give the best results. The flat beam, in passing through 
the prism, is dispersed so as to form a spectrum, which can 
be seen by interposing a screen PO ; if the beam is com- 
posed of white light the red end of the spectrum will be at 
P and the violet end at 0. 




./>' 




Fig. 67. The principle of the Spectroscopy. 



Instead, however, of receiving the spectrum on a screen 
the deviated rays are allowed to fall upon the objective of 
the view-telescope, C, which differs in no material respect 
from an ordinary refracting telescope of low power. The 
telescope is attached to the frame of the instrument, and 
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can be turned around an axia parallel to the edges of the 
prism ; if the dispersion is small the entire spectrum may 
be brought within the field of view, or if the obserrer de- 
sires it, the line of collimation may be made to coincide with 
any one of the refracted rays. 




TigeS. Ferei 



I ofs Bimple SpectrOKOpe. 
: P Is Uie reftacttng pilem : i 



BzpLiMATiOK. B le ibe collii 
Tlew-leleecupe. C ia a tube ivhlch 
of eqnal parts photographed ooglaaB ; the dlvleioDBof the 
light F.are thrown on the face of the prism P, whence tbeyj 
§copeAi the obeerrer Nea the dLvlalane of Ihe acmle mpt 
tormed b; retrttclian, aod is ihiu enabled la locate Uie 111 



, the light P a One acale 
lie, lUninlnated b; the 



If the telescope ia pointed at P (Fig. 67), the obBerrer sees a 
red image of the sht ; that is, a red line perpendicnlar to the 
plane of the paper ; if pointed at 0, he sees a violet image 
of the slit ; if pointed at any intermediate point, he sees an 
image of an intermediate color. In a word, the apectriun 
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is composed of a BQCcesBion of images of the elit, each corree- 
poadiQg to rays of different degrees of refmngibility. If a 
nty of any particular degree of refraugibility is wanting in 
the bundle of deviated rays, the observer will see at the 
corresponding point of tlie spectrum a black line. 

The positions of the difierent images, and also of the 
black lines, are determined by micrometrical measurements ; 
these positions may be giTen in terms of the equal parts of 
an arbitrary scale, or more satisfactorily in terms of the cor- 
responding wave-lengths 
of light. 

The relations of the 
different porta of the 
spectroscope are more 
fully shown in Fig. 68, 
which represents the 
form nsed in the labora- 
tory. 

In more complex re- 
fracting spectroscopes 
the flat beam is trans- 
mitted through a suc- 
cession of prisms, each 
of which aids in its dis- 
persion. The manner 
of increasing the power 
of a spectroscope is *^*- 
shown in Fig. 69. 

Principles of Spectrum Analysis. 

123. The principles of spectrum analysis are embraced 
in the following summary: 

1°. The spectrum of an iHcandescent solid, liquid, 
orjfas under high pressure, is continuous. 
£', The apectmm of an incdtidescent body iiv ft. 




ling Ihe dtaperaiou 
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gaseous state and under low pressure is discontin' 
uous, being made up of bright lines ; the order and 
the number of bright lines is eharaeteristic, that is, 
it is always the sam^e for the same substance, 

j?% A substance in a gaseous state absorbs from 
white light, when transm^itted through it, the rays 
of which its own spectrum/ consists. 

As an illustration of the foregoing principles, let us con- 
sider the action of the vapor of sodium on the calcium 
light. If a piece of lime is rendered incandescent by heat- 
ing it in the oxy-hydrogen flame, its light, when transmitted* 
through the spectroscope, gives a perfectly confcinuoug spec- 
trum. Again, if sodium is made incandescent by burning 
one of its salts in a Bunsen burner, its light, when trans- 
mitted through the spectroscope, gives the bright-lined 
spectrum characteristic of sodium, the principal feature of 
which is a double line in the orange part of the spectrum. 
If now the light of incandescent lime is superposed upon 
that of the sodium by transmitting the former through the 
latter, there will result a continuous spectrum interrupted 
by a double black line occupying the exact place of the 
principal sodium lines ; the vapor of the sodium has ab- 
sorbed the corresponding rays of the calcium light. 

Chemical Constituents of the Sun. 

124. The solar spectrum when formed by a highly dis- 
persive spectroscope is found to be crossed by hundreds, 
even thousands, of dark lines and bands. Many of these 
have been found, by the principles explained in the last 
article, to correspond with the bright lines of the spectra 
of terrestrial substances, indicating that the solar light on 
its way to us has passed through and been acted upon by 
the vapors of those substances. Thus, of the 600 bright 
lines which constitute the complex spectrum of the vapor 
of iron, more than 450 have been recognized as correspond- 
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ing with the dark or reversed lines of the solar speetmni. 
More than one-third of the elements that we are acquainted 
with on our earth are known to exist in the sun. A few of 
the more common ones are iron, sodium, calcium, hydro- 
gen, manganese, nickel, cobalt, barium, strontium, lead, 
and titanium. 

Telescopic Appearance of the Photosphere. 

125. The photosphere, as its name implies, is the 
light-giving part of the sun. It surrounds the nucleus, and 
appears to be made up of enormous cloud-like masses, sus- 
pended as it were, in a medium which is nearly or quite 
transparent. These shining masses, for want of a better 
name, may be called clouds; they differ, however, very 
materiaUy from terrestrial clouds, inasmuch as the latter 
consist of watery vapor, whereas the former are made up of 
metals and other substances maintained in a vaporous con- 
dition by intense heat It is thought by some that the 
photospheric cloud-forms are columnar in shape, and that 
the intervals between them are filled with matter thrown 
up from the interior regions of the sun. 

When viewed with a telescope of suflBcient power the sur- 
face of the photosphere presents a mottled appearance, 
which Newcomb compares to that of a fluid in which 
ill-defined rice-grains are suspended ; Herschel says that 
nothing represents this appearance so faithfully as " the 
slow subsidence of some flocculent chemical precipitate 
in a transparent fluid when viewed perpendicularly from 
above ;** Nasmyth likens the shape of the shining masses 
to willow leaves. It is not unhkely that the different ap- 
pearances described by observers are somewhat dependent 
on accidental circumstances, such as variations in the 
power of the telescope or in the clearness of the atmos- 
phere, and the like. 

The cloud masses that give to the photosphere its general 
mottled appearance are subject to coTvav^^^^\^ qI^wjl^^k?^^ 
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both in form aod in Diii^itnde, in consequence of which 
the actual appearaoce of the sun is not ajwaya the Game at 
all points of its surface. These changes in the apparent 
character of the photosphere are particularly noticeable in 
the neighborhood of those dark patches yet to be described, 
and which are known as solar spots. 

The mottled character of the sun's surface is shown in 
Fig. 70, which also illustrates some of the cnn< 
ances presented by the sun-spots yet to be deecnbed. 




126. Besides the shining clond-tops that prodace the o^ 
dinary mottling, larger and brighter spots, called &ottlEB, 
are frequently seen on different parts of the snn's surface. 
Sometimes they take the form of irregular luminoiis spots, 
and sometimes they are long and narrow, appearing like 
immense masses of photospheric matter heaped up in bil- 
lowy ridges. The faculre, which are particularly DUtnerous 
in the neighborhood of solar spots, are seen to best adran- 
tage when they are near the boi'der of the solar disk, an 
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effect which ie prohably due to perspective, in the same way 
that we have a more striking view of a mountain range 
vhen we look at it horizontally than when we look down 
upon it from abore. 

The general appearance of the facnlse is shown in Fig. 71, 
vhich is iiom a photographic view of a portion of the snn 
near it« border. 




. P^. 71 showB a Itne of rolar spolH nilb tbdr »nrcaiuidtii« 
). The apoton the ilght-huid ia tonebonened by perepectlve, and tbe fscDbe 
nalgfaborhood tie letf oaupicuous. 



Sun Spots. 

127. The dark patches on the solar disk, to which refer- 
ence was made in a preceding article, afe called sun-spots; 
they vary so mnch in many respects that a general descrip- 
tion of them is almost impossible. Sometimes they are 
nearly circnlu, but as a rule their outlines nre exceedingly 
irregnlar ; sometimes they occur singly, but more frequently 
they are grouped in clusters like islands in the ocean ; some- 
times they are seen in vast numbers, and then again not a 
spot is to be seen ; an occasional spot ms^ W\. l<:>i '(&«k^ 
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weeks, bnt sncb pereiatency is exceptional ; as a rale, the 
spots only contiDne for a few days, and not iofreqnently 
they close np and disappear in the course of a few honrs ; 
some are so small that they are only Tisible under high 
magnifying powers, some are many thousands of miles in 
extent, and occasionally one occurs that is large enough to 
be risible to the naked eye. 




g. Tt Snn Spots. Drawn b; 



A fully developed sun-spot, like the right-hand one in 
Fig. 73, corieistB of a dark central portion called the nu- 
cleus, surrounded by a lighter border called the penum- 
bra. The nucleus is separated from the penumbra, and the 
penumbra from the photosphere, by irregular but well de- 
fined linos. Under a high magnifying power the penumbra 
is seen to be striated, the filamentary masses whicb consti- 
tute the striae being directed towards the nucleus. Very 
often these filaments, which appear to coasist of photo- 
spheric matter, extend far into the nucleus, and not infre- 
quently they reach entirely across, forming as it were lumi- 
■ nons bn'dges. It is a fact worthy of note, that the penumbra 
is brightest near the nucleus, growing darker as it ap- 
proaches the outer edge of the spot. 

The entire spot appears to he a cavity or rent in the 
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photosphere, the central part, correBponding to the nucleus, 
being filled with comparatively non-luminona gases; the 
penumbra seems to be made np of colnmnar masses that 
have been detached from the photosphere and drawn in- 
ward amoDgBt the gases that form the nucleas. According 
to this view, the crowding together of the photospheric 
filaments aa they are drawn inward would account for the 
greater brightness of the penumbra in the neighborhood of 
the nucleus. Sometimes the filaments appear to melt away 
as they reach the nucleus, and at other times they assnme 
curiously distorted fonns as though they were acted upon 
by powerful conflicting forces. (See Fig. 70.) 




Fig. TSreprescDts a rnn-Bpol drawa bjNasmjIh, It ebons UiemoKttng pro-t 
diic«d br ths Interaectlons of forms sbtped Uke wDlow leaves. Il alHi ehowx Uie 
minner in wMch ipola are often cnt np and diTlded by bridges uid proloiigBlloiu 
□r the peuombnl fllamenti. 

That solar spots are depreseions in the photosphere is 
shown by their appearances when near the son's limb ; when 
near the eastern border of the disk we see only the eiistera 
portion, snd when near the weatem botiet ■«& wa w^'j '^lofe 



164 A8TB0K0MT. 

western portion of the penumbra; in each case the opposite 
portions of the penumbra are apparently bidden by the in- 
tervening and more elevated part of the photosphere. In 
some cases a notch in the disk has been observed at the 
point where a spot is passing from the visible to the invisi- 
ble hemisphere of the sun. 

Rotation of the Sun. 

128. Solar spots, when observed from day to day, are 
found to move across the sun's disk in such a manner as to 
indicate that the sun revolves on an axis, turning from west 
to east and performing a complete revolution in about 25 
days. This axis prolonged northward meets the celestial 
sphere in the constellation Draco at a point which is about 
7° from the pole of the ecliptic and about 26'' from the pole 
of the heavens ; that is, the inclination of the sun's equator 
to the ecliptic is about 7° and its inclination to the equinoc- 
tial is about 26°. 

The earth passes through the plane of the solar equator 
twice a year, once in the early part of June and again in 
the early part of December ; at these times the paths of 
the solar spots, which are circles parallel to the sun's equa- 
tor, are seen edgewise, and consequently appear to be 
straight lines ; at all other times they are seen obliquely 
and consequently appear to be elliptical. The curvilinear 
character of their apparent paths is most noticeable in the 
months of September and March. 

Eecent observations show that the different parts of the 
sun's surface do not all revolve in the same time, the angu- 
lar velocity being greatest near the equator and diminishing 
toward the poles. At the equator the time of revolution, 
as already stated, is about 25 days, and at a point 45° dis- 
tant from the equator the time is more than 27 days. The 
cause of this continued lagging motion as we recede from 
the solar equator has not been satisfactorily explained. 
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Distribution and Periodicity of Spots. 

129. Spots do not occur with equal frequency at all 
points of the sun's surface, but are generally found within 
the limitfi of two zones, one north and the other south of 
the equator and extending from 8° to 40° of solar latitude ; 
they are most numerous in both zones between the parallels 
of 10° and 25° of solar latitude. In the immediate neigh- 
borhood of the equator they are seen but rarely, and the 
appearance of a spot beyond the parallel of 45° is excep- 
tional. 




Fig. 74. The Spotted Zones. 

EzPLAVATioH. The oator circle represents the sun's disk. The soUr equator 
Is pinUel to tbe lower line of spots. 
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The tendency of spots to occur in zones or belts is shown 
in Fig. 73, taken from a drawing by Trouvelot 

Furthermore, spots are not equally numerous in different 
years, their occurrence being subject to a pretty definite law 
of periodicity. The attention of astronomers was called to 
this law by Schwabe of Dessau, who published in 1851 the 
results of 25 years observation on solar spots. He con- 
cluded as the result of his labors that the spots increase 
and diminish periodically, both in respect to frequency and 
size. He assigned a period of about 10 years as the length 
of the cycle of change. 

The conclusions of Schwabe with respect to the periodicity 
of sun-spots has been confirmed by subsequent investigations, 
particularly by those of Wolfe, who made an exhaustive 
examination of the subject. Wolfe assigns as the average 
length of a spot cycle 11.1 years; that is, about 9 cycles in 
a century. It is now conceded that the cycles are of varia- 
ble length, sometimes being only 8 or 9 years, and some- 
times amounting to 15 or 16 years. It is a curious fact 
that the fluctuations of terrestrial magnetism are also 
periodic, the cycles corresponding closely with the sun-spot 
cycles. The periods of greatest magnetic disturbance appear 
to correspond with the maximum of sun-spots, and those 
of least magnetic disturbance with the minimum of sun- 
spots. The auroral phenomena also seem to conform to a 
similar law of periodicity. 

The Chromosphere. 

130. Immediately above the photosphere, and resting 
upon it, is an envelope three or four thousand miles in 
thickness, which, on account of its brilliant scarlet color, 
has been named the chromosphere. It consists of a mix- 
ture of incandescent gases and vapors, the most marked 
constituent and the one to which its color is due being 
hydrogen. Prof. Young says that it appears "as if count- 
less jets of heated gas were issuing through vents and spira- 
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cles over the whole surface, thus clothing it with flame 
which heaves and tosses like the blaze of a conflagra- 
tion." 

The dense yapors of iron, barium, sodium, manganese, 
magnesium, nickel, titanium, calcium, strontium, and the 
like, are found at the bottom of the envelope, whilst the 
upper regions in their normal condition consist almost en- 
tirely of hydrogen. The denser vapors are, as a rule, found 
in a stratum which is not more than five or six hundred 
miles in thickness, the remaining part consisting of in- 
candescent hydrogen. For this reason, some solar physicists 
have been inclined, perhaps without sufficient reason, to re- 
gard what we have called the chromosphere as two separate 
envelopes, calling the lower one the reversing layer, and 
the upper one the chromosphere. 

The lower surface of the chromosphere conforms to the 
upper surface of the photosphere, but its upper surface is 
very rough and irregular, presenting an appearance that 
may be likened to a gigantic ocean of billowy flame. At 
the time of a total solar eclipse the chromosphere, and par- 
ticularly its upper regions, may be seen with an ordinary 
telescope ; but by the aid of the spectroscope it may be seen 
and studied at other times. 

The reversing layery when viewed along the sun^s border 
by means of the spectroscope, gives a bright-line spectrum, 
corresponding to the materials of which it is composed ; but 
the white light from the photosphere shining through it is, 
in accordance with principle 3°, Art. 123, partially absorbed, 
and the corresponding spectrum is interrupted by black 
lines ; hence, the name reversing layer. The upper layer 
seems to be the principal origin of the solar protuber- 
ances described in the next article, though it is believed 
that the occasional evidences of other matter than hydro- 
gen are due to matter thrown up from the lower or re- 
versing layer. 
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Solar Protuberances. 

131. Observation shows that the chromosphere is a re- 
gion of intense commotion ; under the action of enormous 
forces it is kept in a state of continual agitation, and fre- 
quently huge masses of chromospheric matter are projected 
into the overlying solar atmosphere, constituting what are 
called solar protuberances. These brilliant, cloud-like 
prominences, which consist principally of incandescent hy- 
drogen, though sometimes containing other substances, are 
undoubtedly scattered over the entire surface of the sun, 
but owing to the dazzling brightness of the photosphere we 
can see only those which are situated near the border of the 
solar disk. Some of these rise to great heights, and are 
often seen during the time of a total solar eclipse projecting 
from behind the black disk of the moon like vast tongues 
of flame. 

Prior to 1868 no protuberances had been seen except at 
the time of a solar eclipse, but in that year it was discov- 
ered, almost simultaneously by Lockyer and Jansen, that 
they may be seen and studied at any time when the sun is 
visible. 

The instrument employed for this purpose consists of a 
spectroscope attached to an equatorial telescope, the combi- 
nation constituting what is sometimes called a telespectro- 
scope. In order to see a protuberance the telescope is 
directed so that the slit of the spectroscope shall be tan- 
gential to the sun's disk, and then the slit is slightly 
opened. The light that comes from the protuberance is 
not dispersed, whilst that from the surrounding region is 
so much scattered as to render the protuberance visible. 

Solar protuberances differ widely in magnitude and in 
general appearance. Of 2,767 measured protuberances re- 
ferred to by Young in his book on the sun, fully two-thirds 
of the whole were more than 18,000 miles in height, nearly 
one-quarter of the whole were over 28,000 miles high^ and 
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several reached an altitude of more than 84,000 milee. He 
^jB that he has seen three or fonr whose heights were more 
than 150,000 miles, and that Seccbi saw one whose altitude 
was over 300,000 miles. He also says that he himself ob- 
serred one which attained the unprecedented height of 
350,000 miles. When first seen this protnberauce had an 
altitude of on]y 40,000 miles, and therefore attracted nu 
special attention. He then goes on to say : " When next 
seen, half an hour later, it had become very brilliant, and 
had doabled its height; dnring the next hour it stretched 
upward until it reached the enormous altitude mentioned, 
breaking up into filaments which gradually faded away, 
nntil by 12.30 p. H. there was nothing left. A telescopic 
examination of the sun's disk showed nothing to account 
tor such an extraordinary outburst, except some small and 
not very brilliant facuke." 

The protuberances vary aa much in appearance as they 
do in magnitude. Some resemble masses of clouds stretch- 
ing along the aolsa disk like sierras, or perhaps floating in 
the solar atmosphere, either entirely detached from the 
disk, or connected with it by slender filaments. Others 
take the form of jets aa if shot forth from the sun with 
enormous energy, sometimes combing over and descending 
like ocean breakers, and at other times apparently rent asun- 
der and shattered by contending forces, as shown in Fig. 75. 



Fig. 7S. Solar ProloberancOB. Drawn bj Trouvelot. 

Sometimes the protuberances assume arborescent forms, as 
shown in Fig. 76. 
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In all cases their shapes are indicative of gigantic forces, 
sonietimus acting, normally from below, and sometiiaes 
sweeping along the surface of the sno, either progresnTelf, 
or in a revolving direction like a vast cyclone. 



The Corona. 

132. The corona, which has never been seen except 
daring a total solar eclipse, is an envelope of complex con- 
stitution, lying above the chromosphere, and extending ont- 
waid to a distance that has not yet been determined. At 
the time of totality it is seen surrounding the dark body of 
the moon as a ring of silvery light, often crossed by radiating 
streaks, which give it an appearance that has been likened 
to the halo of glory that we sometimes see depicted aronnd 
the beads of saints. The part next the sun, and extending 
outwai-d to the distance of a tenth of its radios, is very 
bright and tolerably uniform in appearance; the radiating 
streaks or beams, which are frequently inclined and cnri- 
ously bent, are irregularly distributed around the sun ; in 
some places they are few in number and comparatively 
short, and again in other places they are rery numerous, 
and estend outward to enormous distances, so that the visi- 
ble outline of the corona is usually jagged and extremely 
irregular. 

The jagged outline of the corona is shown in Fig. 77, 
which represents its appearance as drawn by Foeuander 
during the total eclipse of 1871. 
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The general appearance of the corona is never the same 
at two different eclipeeB, and even at the same eclipse 
obBcrvera differ in their acconnt of its outline, especially if 
their obBerrstions are made at different stations. Somo- 
ttmes the radial wings are seen to extend to great distances 
in the direction of the solar equator. An exiimplo of this 
kind is shomi in Fig. 78, which represents the corona as 
seen by Bullock dnring the eclipse of 1868. 

Prof. Young, in speaking of the corona, saye " that of the 
eclipse of 1878 is remarkable on account of the enormons 
extension of the &int brushes of nebulosity, which were 
traced to a distance of 6" or 7° from the snn by Professors 
Langley, Abbe, and Newcomb." It is to be noted that an 
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angle of 6° at the bud's distanoe corresponds to s distanoe 
of more than 9,000,000 of miles. 




Fig. IB. CoroDnu, 



The peculiar form of the corona as Been during the 
eclipse of 1878 by a, party of astronomers in Texaa ia 
shown in Fig. 79. 




Fig. n. CoranaBij weDln WSluTciM. 
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Bat little is known about the physical constitution of the 
corona; it has even been suggested that it is an optical 
phenomenon, and some weight has been given to this sug- 
gestion by the observations recently made at the Caroline 
Islands on the eclipse of May 6^ 1883. Previous observa- 
tions^ however, leave but little room to doubt that it con- 
sists, in part at least, of gases far more tenuous than any 
with which we are acquainted on our earth. The corona 
was carefully observed with the spectroscope during the 
eclipse of 1869 by Professors Young and Harkness ; they 
found in its spectrum a greenish bright line, corresponding 
to the number 1474 of Kirchoflfs scale. Subsequent obser- 
vations have shown numerous dark lines, corresponding to 
the dark lines of the solar spectrum. These observations 
would seem to indicate that the corona contains a glowing 
gas in which is suspended a certain amount of matter which 
is capable of reflecting solar rays. 

The Zodiacal Light. 

133. The zodiacal light is a lenticular-shaped blush 
of light that is visible in the western sky after sunset in 
early spring, and in the eastern sky before sunrise in early 
autumn. 

Its base, which is 10° or 15° in breadth, rests on the hori- 
zon, its axis coincides sensibly with the ecliptic, and its 
apex is 30° or 40° from its base. It is generally less lumi- 
nous than the milky way, and its edges are not so well de- 
fined ; for these reasons it is very difficult to determine its 
exact limits. 

It is seen to best advantage in the evenings about the 
time of the vernal eqpinox, and in the mornings about the 
time of the autumnal equinox, because at those times its 
axis makes the greatest possible angle with the horizon. 

Within the tropics it is a conspicuous object, and is visi- 
ble at all seasons, both in the evening awd. m \iik ^Qit,\v\j>s^. 
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Under &Yorabl6 conditions the light is visible both in th^ 
east and in the west at midnight ; it has even been seen- 
extending across the entire heavens from horizon to horizon.. 

Humboldt, speaking of its brilliancy in the tropical re^ 
gions, says: *^ Those who have lived for many years in the 
zone of palms must retain a pleasing impression of the mild 
radiance with which the zodiacal light, shooting pyramid- 
ally upwards, illuminates a part of the uniform lengths of 
tropical nights. I have seen it shine with ah intensity 
equal to that of the Milky Way in Sagittarius." 

The intensity of the zodiacal light is somewhat variabl^i 
but whether its variations are periodic or not is unknowdi 
The fact of its variability is testified to by Humboldt, wbO 
had ample opportunity for observation during his long stay 111 
South America. It is also noticed, even in our unfavorabli 
situation for observation, that the intensity of its light varifll 
from night to night and from season to season more thaft 
would seem to be due to varying atmospheric conditions. 

Various theories have been proposed to account for thii 
phenomenon, the most plausible one being that it is dul 
to a ring of meteorites revolving around the sun, each 
meteorite being too small to be separately visible, but 
aggregated in such numbers as to reflect a considerable 
amount of solar light. 



VII. ECLIPSES. 



Definitions. 



134. A solar eclipse is an obscnration of the sun caused 
by the passage of the moon between it and the observer. 

A liinax eclipse is an obscuration of the moon caused 
by her entrance into the earth's shadow. 

A solar eclipse can occur only at the time of new moon^ 
and a lunar one only at the time oifull moon ; and even at 
those times no eclipse can take place unless the moon hap- 
pens to be very near the plane of the ecliptic. 

Shadow Systems of the Earth and Moon. 

135. In Fig. 80, let S represent the sun, E the earth, 
and suppose two cones of rays to be drawn tangent to both 








Fig. 80. Section of Shadow System by a Plane through its Axis. 

bodies, the vertex of the first being beyond the earth, and that 
of the second being between the earth and the sun. The 
part of the first cone, which lies between E and the vertex 
V, is the umbra, or shadow proper of the earth ; the pro- 
longation of this cone beyond V is called the second 
nappe of the shadow cone ; and that part of the second 
cone lying beyond E and outside of the first cone, is called 
Uie penumbra^ or partial shadow ; all these taken together 
OODBtitnta the eartVe shadow system. Tt\\e TCLOwv'\CL\!^BA 
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maDDer has a similar shadow system, consisting of umbra, 
second nappe,eLnd penumbra. 



The length of the earth's umbra can easilj be found in terms of 
the solar distance : 

Let S and E represent sec- 
tions of the snn and earth 
by a plane through their cen- 
tres, SV their line of centres, 
and AV an external tangent. 
Draw SA and EC perpendicu- 
lar to AY, and CD parallel to 
VS. Denote SA, the radius 
of the sun, by R ; EC, the radius of the earth, by r; SE, the earth's 
distance from the sun, or its equal DC, by D ; and EV, the length of 
the umbra, by L From the similar triangles DAC and ECV, we have 




Fig. 81. Diagram. 



DA : DC : : EC : EV, or R - r : D : : r : ;. 

rD 



.-. 1 = 



R-r 



(1). 



If we assume that the sun's radius is 109 times that of the earth, 

which is very nearly true, we have R — r = 108r, whence I = jr— ; that 

is, the length oft?ie earth'i umbra is equal to the eartK% dktanee fr<ym 
the sun divided by 108. 

In like manner, by assuming the sun's radius to be 400 times that 
of the moon, which is sufficiently accurate for our purpose, we find 
that the length of the moon's umbra is equal to the moon's distance from 
the sun divided by 399. 

When we know the length of the shadow, and the diameter of the 
body which casts it, we can find the diameter of the cross-section of 
the shadow at any distance, x, from its apex. For if we denote the 
diameter ofnthe body by d, the diameter of the shadow's cross-section 
by d\ the length of the shadow by I, and the distance of the section 
from the apex by x, we shall have 



d : d' 



I : X, 



a - ^ 



(2). 



Formula (2) is equally applicable when x is measured on the pro- 
longation of If that is, when the section is made in the second nappe. 

If we change —r into +r, formula (1) will be applicable to finding 
the vertex of the penumbral cone of either the earth or the nuxm. 
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Thus, the f>eriex of the moan's penumbral cone lies between the sun and 
moan, and at a distance from the latter equal to her distance from the 
sun divided by 401. 



Kinds of Solar Eclipses. 

136. Whenever any part of the moon's shadow system 
sweeps over the earth there is a sola?- eclipse which is visible 
from every point on which the shadow falls. To an observer 
within the penumbra, the eclipse is partial, and the visible 
part of the sun's disk is crescent-shaped ; to an observer 
within the umbra, the eclipse is total, no part of the sun's 
disk being visible ; to an observer in the second nappe of 
the umbra, the eclipse is anmilar, that is, a portion of the 
sun's disk is seen completely surrounding the moon like a 
ring. To an observer in the axis of the shadow system, 
the eclipse is central, and may be either total or aimular ; 
in the latter case the visible ring of the solar disk is of uni- 
form width throughout. 

An eclipse when considered with respect to a given point 
is said to be local; when considered with respect to the 
whole earth, it is general. 



Solar Ecliptic Limits. 

137. In order that a solar eclipse may be possible at the 
time of any new moon, it is necessary that the moon should 
be. near enough to the plane of the ecliptic to bring some 
part of her disk between the observer and the sun. This 
can only happen when the sun is near the moon's node at 
the time of conjunction. 

It has been found by computation that a solar eclipse 
is impossible when the sun, at the time of new moon, is 
more than 18°.5 from the moon's node, and that an eclipse 
is certain when this distance is less than 15°. These dis- 
tances are called the solar ecliptic liouX^, ^ ^\> \kv^ 
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time of conjifaction the sun's distance from the node lies 
between these limits^ the occurrence or non-occurrence of 
an eclipse must be determined by calculation. 

In order that a solar eclipse may be central, the line pass- 
ing through the centres of the sun and moon must strike 
the earth. This cannot happen if the sun at the time of 
new moon is more than 11^.9 from the lunar node, and it is 
certain to happen if this distance is less than 9°.5. If the 
sun!s distance from the node, at the time of conjunction^ lies 
between these limits, the occurrence or non-occurrence of a 
central eclipse must be determined by computation. 

Of the Central Eclipse. 

138. The central eclipse will be total whenever the 
moon's umbra is long enough to reach the earth ; in all 
other cases it will be annular. 

The length of the moon's umbra, in any given case, is 
easily found ; for, we have only to divide the moon's dis- 
tance from the sun by 399 (Art. 135). Knowing this 
length and the moon's distance from the earth, we can at 
once decide whether the eclipse will be total or annular. 

Let it be required to find the greatest and the least len^hs of 
the moon's umbra at the time of conjunction. For this purpose let 
us assume that the greatest distance from the sun to the earth is 
94,000,000 miles, and that his least distance is 91,000,000 miles ; also 
that the greatest and the least distances of the moon from the earth 
are 252,000 miles and 226,000 miles. 

Now it is obvious that the moon's umbra will be longest at the time 
of conjunction when the sun is farthest from, and the moon is nearest 
to, the earth. In this case the moon's distance from the sun is 
98,774,000 miles, and by the rule above given, the corresponding 
length of the umbra is 285,000 milea Hence, the umbra extends 
9,000 miles beyond the earth's centre, or about 18,000 miles beyond 
the nearest point of the earth's surface. (Fig. 82.) 

The moon^s umbra will be shortest at the time of conjunction when 
the sun is nearest to, and the moon farthest from, the earth. In this 
case the moon's distance from the sun is 90,748,000 miles and the oor- 
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iMpponding length of the umbra is about 227,400 milee. Hence, the 
umbra falls short of the earth's centre hj 24,600 miles, and of the 
nearest point on the earth's surfiEU^ by about 20,600 miles. (Fig. 88.) 



Limits of Visibility. 

139. From what was stated in Art. 136, it is plain that a 
partial eclipse will be visible from every part of the earth's 
surface which is swept over by the moon's penumbra, that 
a total eclipse will be visible from every part of the belt 
or zone swept over by the umbra, and that an antiular 
eclipse will be visible from every part swept over by the 
second nappe of the umbra. 

Let us first consider the case in which the moon's umbra is longest, 
its axis being perpendicular to the earth's surface, as shown in Fig. 82. 



Explanation. M is the moon, 
E is the earth, and MV the moon^s 
umbra when its axis is perpen- 
dicular to the eartVs surface, the 
umbra being at Its longest. The 
space between the umbra and the 
broken lines in the flgore is the 
pennmbra. 




Fig. 88. Maximum Visibility of Total Bclipse. 



The distance AV b^ng 13,000 miles, we can easily compute the 
cross-section of the umbra at A, by means of the principles explained 
in Art. 185 ; in the case under consideration this cross-section is found 
to be a little less than 120 miles. This would be the greatest breadth 
of the moon's shadow, and consequently of the zone of totality/, if the 
axis of the shadow were always perpendicular to the earth's surface, 
but as the shadow sweeps over the earth its axis falls more or less 
obliquely upon the earth ; hence, it may happen that the breadth of 
the shadow will be considerably greater than 120 miles. If the sun 
is nearer the earth than we have supposed, or if the moon is more 
distant, the breadth of the zone of totality will be correspondingly 
narrower ; it may even reduce to a mere line. 

In the case considered the breadth of the penumbra, BO, is more 
than 4,200 miles ; this indicates the breadth of space from which the 
eclipse is partially visible. 
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Let US next consider the case in which the moon's nmbra 
is shortest, its axis being perpendicular to the earth's sur- 
face as shown in Fig. 83. 




Fig. 88. Maximum Visibility of Annular 
Eclipee. 



BXPI.ANATIOH. In this figure the 
explanation is the same as before, 
except that VA is a part of the am- 
bra*s second nappe. 



The distance VA being 20,600 
miles, we find the diameter of 
the cro68-«ection of the second 
nappe at A to be something greater than 190 miles, and the diameter 
of the penumbral section at BC to be more than 4,600 miles. 

In consequence of the obliquity of the shadow-cone's axis to the 
surface of the earth, we see that the breadth of the zone from which 
an annular eclipse is visible may be somethiug greater than 190 miles. 
In a majority of cases it is much narrower; it may even be reduced to 
a mere line. 



The Moon's Relative Orbit. 

140. In discussing the circumstances of an eclipse, 
whether local or general, it is found convenient to suppose 
the sun to remain at rest and the moon to move with 
the relative motion of the two bodies. The path that the 
moon appears to follow is then called the moon's relative 
orbit. 




To explain what is meant by 
the moo?i'8 relative orbits let SN 
(Fig. 84) be the ecliptic and MN 
the moon's actual orbit, both pro- 
jected on a plane perpendicular to 
the line of nodes of th^ moon's 
orbit. Let S and M be the places 
of the sun and moon at the time 

of conjunction in longitude. Draw MA parallel to SN, and make it 
equal to the moon*s hourly motion in longitude diminished by the 
sun's hourly motion in longitude ; draw AC perpendiccilar to MA and 



N S 

Fig. 84. The Moon^s Relative Orbit 
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make it equal to the moon's hourly motion in latitude, then will a 
line through M and C be the moon's relative orbit, and the distance 
from M to C will be the moon's hourly motion v>ith respect to the sun. 
If we draw SO perpendicular to MC, the point O will be the relative 
place of the moon at the time of nearest approach of the centres of the 
sun and moon, and MO expressed in terms of MC will represent the 
fractional part of an hour that constitutes the interval between tbe 
time of conjunction and the time of ruar est approach, which last is 
obviously the same as the time of the middle of the eclipse. 



Of the Local Solar Eclipse. 

141. The circumstances of a local eclipse that are usually 
predicted by astronomers, and laid down in the almanacs are 
tbe times of beginning, middle, and ending j also in case of 
a total eclipse, tbe times of beginning and ending of totality ; 
and in case of an annular eclipse the times of formation and 
rupture of the ring. 

In the case of a partial eclipse tbe magnitude is gener- 
ally given, that is, the fractional part of the sun's disk that 
is covered at the time of greatest obscuration. 

Tbe tims of beginning is the instant at which tbe eastern 
limb of tbe moon appears to touch tbe western limb of the 
sun. From this time the form of tbe sun's visible disk may 
be described as crescent, the line joining its horns or cusps 
being always perpendicular to the line of centres of the solar 
and the lunar disks. 

The middle of the eclipse is the instant the centres of the 
two disks are nearest to each other. At this time tbe line 
of cusps is parallel to the moon's relative orbit. 

Tbe time of ending ia the instant at which the western 
limb of the moon appears to separate from the eastern limb 
of tbe sun. 

The times of these different phases of a solar eclipse depend not 
only upon the relative motion of the moon with respect to the sun, 
but aLso upon the actual motion of the observer in consequence of 
the earth's axial rotation. 
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The magnitude of the eclipse is measured by the greatest 
breadth of the obscured portion of the sun's disk. This is 
expressed in terms of the sun's diameter, sometimes deci- 
mally, and sometimes in digits, a digit being the twelfth 
part of a diameter. Thus, if three-fourths of that diameter 
of the sun which is directed toward the moon's centre is 
covered by the moon's disk, the eclipse is said to have a 
magnitude of .75, or of 9 digits. 

For the method of computing the times of the above phenomena 
the student is referred to Loomis' Practical Astronomj. 

Of the General Solar Eclipse. 

142. In considering the general eclipse it is to be borne 
in mind that the moon's shadow system is sweeping east- 
ward across the earth by virtue of the moon's motion along 
her relative orbit, and also that every place on the earth is 
at the same time moving from west to east, but less rapidly, 
by reason of the earth's rotation on her axis. The circum- 
stances resulting from a combination of these motions are 
predicted by astronomers, and graphically recorded by 
means of maps like that shown in Fig. 85, which was con- 
structed to illustrate the annular eclipse of October 19, 
1865. The figure and its explanation, copied from an almar 
nac of that year, show the usual method of recording cer- 
tain specific details of a general eclipse. 

In order t6 explain the lines laid down on the map, let as suppose a 
plane to he passed through the centres of the sun and moon and per- 
pendicular to the plane of the moon's orbit. This plane, which may he 
called the central plane, is supposed to follow the moon in its motion, 
always dividing its umbra and penumbra into two symmetrical parts, 
an eastern or preceding part, and a western or foUowing part. It is 
obvious that the eclipse is just beginning to an observer who is any- 
where on the surface of the preceding part, and just ending to an ob- 
server who is anywhere on the surface of tlififoUawing part 

When the preceding: surface of the moon's penumbra strikes the 
earth the general eclipse begins, and the point at which the contact 



take* place )■ muked flnt oonUot on the map. Bec*nse the element 
of the pennmbral cone that detenaliiu the plaet of contact la a boIsi 
ra; tangent to the Muth'B surface, the sud miut be in the eastern hori - 




Fig- en. 



Bcllpee or October, ISfiB. 



B, H being 



EzFLiMTtoH. The ecMpae tnC tonchea tbe eai 
Wwblnglon, In 1«t »" W 60" N., U the insUnl of 
■WMhinp™ St. ITm. i.w. The Mllpte eode on tbe 
W IS* 18" B. ot WSBblDKIOD, Id UC. 4° W M" N., « eoDBet there. It being tben Sh. 
Sm. M sec. r.M, at Wiabinirton. The anlral ecllpie begins In M. 47° 11' l>" H., 
long. 49° 47' !4" W, ot WiehhigtoD. at sanrlsc Ibere, and pBeees aoDtheulerlf 
IhroDgb KiDBse. Uleaonii, Tennessee, Alabama, and Georgia, entering tbe ocMn 
DM! Sarannah, and ends ItiBll; In Africa In lat. IB" 45* M" N., lonR. «0)° T west or 
Waablnglon. The ecllpee vlll be TiBlble wherever the darh ground In the enmar- 
iog la Men, bat M an anAU^A:^l/u0only alonj; the central line.— each aide of vblch 
it will IM partial, tbe magnltode of tiie partial ecUpae being emallei llw IkrUker we 
go Trom tbat line, 

■oD at the inetaut of contact ; hrnce. the ecllr«e begins at local mn- 
riiM. At the shadow syBtem Bwnepe eastward, other elements of the 
penombral cone become tangent to the eartb'e surface in euccceinon, 
and the points of contact thus determined make up the cnrre along 
which the eclipie begina at anniiae. This curve, whose concavit^^ 
tuned toward the west. In consequence of the eaiUi'a nAa't.^a&,^ciia\- 
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nates at the points which are determined bv the two elements of the 
penambral cone that lie in the central plane. 

That part of the central plane which lies within the penumbral cone 
(and which may be regarded as made up of elements radiating from 
the vertex) contains all the points from which the middle of the eclipse 
can be seen. When this plane strikes the earth the point of contact is 
a point from which the middle of the eclipse is seen at sunrise ; as it 
moves eastward its successive elements become tangent to the earth, 
and their points of contact make up the line which is marked on the 
map middle of eclipse at sunrise. In consequence of the earth's rota- 
tion this line lies to the westward of that along which the eclipse be- 
gins at sunrise, except at its extremities, which, for reasons already 
given, are identical with it. 

As the shadow system moves on, the elements of i^efoUowing part 
of the penumbral cone become successively tangent to the earth, and 
; their points of contact make up the line which is marked on the map 
eclipse ends at sunrise. This curve lies to the westward of both 
the others, except at its extremities, where it coincides with them. 
Within the looped space included by the first and the last of the lines 
just described is a region within which the sun rises partially eclipsed. 

As the moon's penumbra continues its eastward motion, the preced- 
ing part, by its intersection with the earth, determines the successive 
places at which the eclipse is just beginning, the centred plane deter- 
mines the places at which the middle of the eclipse is visible, and 
the following part determines the places where the eclipse is just 
ending. 

In passing off from the earth the preceding part determines a suc- 
cession of points which make up the line marked eclipse begins at 
sunset ; the central plane determines the points that constitute the line 
marked middle of eclipse at sunset; and the following pari deter- 
mines the line marked eclipse ends at sunset. The point at which 
the shadow finally leaves the earth is the point which is marked last 
contact. The looped space bounded by the first and third of the6e 
curves contains all the places at which the sun sets partially eclipsed. 

When the line of centres of the sun and moon strikes the earth 
the central eclipse begins ; the intersection of this line with the 
earth's surface is the path of the central eclipse ; and when this line 
again becomes tangent to the earth the central eclipse ends. The 
intersection of the second nappe of the moon's umbra with the earth 
determines a zone along which the annular eclipse is visible. This 
zone is represented by the broad white line on the chart marked cen- 
tral. Had the eclipse been total a similar zone corresponding to the 
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intersection of the moon's umbra with the earth would have marked 
the zone from which the total phase would have been visible. 

Observers to the northward of this zone see a partial eclipse an the 
$un*s aotUhem limby and observers to south of it see a partial eclipse 
on the 8un*s northern limbf the magnitude in each case diminishing as 
the observer is situated nearer to the lines marked northern line of 
simple contact and southern limit. 

Greatest Duration of a Total Eclipse. 

143. The period of total obscuration at a given place is 
the time that it takes the moon's umbra to pass over that 
place. In order that this time may be as great as possible, 
the observer should be on the central line, the breadth of 
the moon's shadow should be as great as possible, and its 
relative motion with respect to the observer should be as 
small as possible. 

We have already seen that the breadth of the shadow will 
be as great as possible when the sun is at his greatest and 
the moon at her least distance from the earth. Further- 
more, the relative velocity of the shadow will be as small as 
possible when it travels through the equatorial region, and 
nearly parallel to the equator, for in that case the observer 
is carried eastward by the earth's rotation nearly half as fast 
as the shadow travels in the same direction. Hence, the 
duration of totality is greatest when the eclipse happens in 
summer, the moon being at that time near perigee and the 
central line being near the equator. Under favorable cir- 
cumstances the length of totality at a given place may 
amount to nearly 7 minutes. 

Phenomena Observed. 

144. A total solar eclipse at any particular locality is so 
rare an event that comparatively few people ever see one. 
Halley, in speaking of one that was visible in London in 
1715, says it was the first one that had happened at that 
place since 1140, an interval of 575 years. 
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The phenomena presented during the short period of 
totality are regarded as of so much importance^ that astron- 
omers often take long journeys, at great expense of time 
and money, for the purpose of observing them. Indeed, 
almost eyery total eclipse that occurs in any part of the 
world is now carefully observed by well-equipped parties of 
scientific men scattered all along its path. 

Some of the phenomena observed are of special interest 
.to the solar physicist, while others, if less important in 
this respect, are equally interesting to the student of gen- 
eral science. The appearances presented at diflFerent eclipses, 
and sometimes during the same eclipse at diflFerent places, 
are so various as to render it difl&cult to give a description 
of them all. Appearances that are clearly marked at one 
time are either not presented at all, or else pass unnoticed, 
at another. Some of these diflfereuces may undoubtedly be 
accounted for by varying atmospheric conditions, possibly 
some may be due to a variation in the character of the 
phenomena themselves, and not unlikely some arise from 
the peculiar temperaments of the observers. The most 
important phenomena generally observed are embraced in 
the following summary. 

Some time before the sun disappears, the atmosphere 
begins to grow gloomy and the shadows of trees are 
strangely mingled with crescent-shaped images of the wan- 
ing sun formed by rays penetrating the intervals between 
their leaves. As the time of complete obscuration ap- 
proaches, the aspect of the heavens undergoes a change; 
the sky assumes a lurid leaden hue which seems to be dif- 
fused over all terrestrial objects ; the faces of the observers 
take on a cadaverous ashy tint ; birds seek their perches 
and animals their usual places of rest ; and a general feel- 
ing of uneasiness, like that which precedes impending 
calamity, seizes upon the minds of men. Then, the moon's 
umbra is seen approaching like a " wall of darkness ; '* the 
l^j^t trace of the sun's thin crescent breaks op into ghining 
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bead-like points and disappears; and the observer, plunged 
suddenly into an unnatural but not intense darkness, sees 
instead of the sun a black globe surrounded by a silvery 
coronal halo, broken here and there by the projecting flame- 
like protuberances of the sun's chromosphere. For a few 
fleeting minutes the brighter stars and planets appear, and 
then the glittering points of the chromosphere show them- 
selves on the other side of the moon ; the thin sickle of the 
solar disk begins to form ; the moon's umbra is seen sweep- 
ing away along its path ; and the observer is returned to 
daylight more suddenly even than he was plunged into 
darkness. 

Mr. Lockyer, in speaking of the beginning of totality, 
says: "One seems in a new world — a world filled with aw- 
ful sights and strange forebodings, and in which stillness 
and sadness i-eign supreme ; the voice of man and the cries 
of animals are hushed; the clouds are full of threatenings 
and put on unearthly hues ; dusky, livid, or purple, or yel- 
lowish crimson tones chase each other over the sky irrespec- 
tive of the clouds. The very sea is responsive and turns 
lurid red. All at once the moon's shadow comes sweeping 
over air, and earth, and sky, with frightful speed. Men 
look at each other and behold, as it were, corpses, and the 
sun's light is lost." 

The brilliant points seen at the instants of disapj)earance 
and reappearance of the sun's disk are called Baily's beads, 
being so named from the astronomer who first described their 
appearance ; in his description he speaks of them as "a row 
of lucid points, like a string of bright beads." The beads 
disappear suddenly at the commencement of totality, and 
reappear on the other side with equal suddenness at the end 
of totality. They have been accounted for by supposing 
that the solar crescent, when it consists of a mere thread of 
the chromosphere, is cut into segments by projections of the 
serrated edge of the moon ; these brilliant segments, contin- 
ually changing in form, are seen for an m^tasit ^\:cca\\\^ 
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through the lunar yalleys. The different appearances of the 
beads at different times would seem to be dependent upon the 
degree of roughness of that part of the moon's surface which 
happens to form the edge of the lunar disk^ and perhaps 
also upon slight variations in the apparent semi-diameters 
of the sun and moon at different eclipses. 

The corona, which has already been described, is by far 
the most important of all the phenomena manifested dur- 
ing a total eclipse, and for this reason we subjoin the fol- 
lowing additional description of it as given by Lockyer. 
After speaking of other appearances observed during the 
eclipse of 1871 in India, he says: "* * *. there in the 
leaden colored, utterly cloudless sky shone out the eclipsed 
sun ! a worthy siglit for gods and men. There, rigid in the 
heavens, was what struck everybody as a decoration, one 
that emperors might fight for, a thousand times more bril- 
liant even than the the Star of India, where we then were! 
a picture of surpassing loveliness, and giving one an idea 
of serenity among all the activity that was going on below ; 
shining with the sheen of silver essence ; built up of rays 
almost symmetrically arranged round a bright ring above 
and below, with a marked absence of them to the right and 
left, the rays being composed of radial lines, separated by 
furrows of markedly less brilliance." 

Lunar Eclipses. Lunar Ecliptic Limits. 

145. Whenever, at the time of opposition, any part of 
the moon enters the earth's umbra there is a lunar eclipse, 
which may be either partial or total ; it is partial when 
only a part of the moon enters the umbra, and it is total 
when the entire moon enters the umbra. 

In passing through the earth's penumbra, the light of the 
moon is but slightly dimmed, no more, perhaps, than it 
would be by an intervening haze. This dimming or partial 
obscuration is not usually regarded as an eclipse. 

The occurrence or non-occurrence of a lunar eclipse at 
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the time of any full moon will depend upon the relative 
distances of the sun and moon and upon the position of the 
latter in her orbit. 

It has been shown by calculation that a lunar eclipse is 
impossible when, at the time of opposition, the sun is more 
than 12° from the moon's node, and that an eclipse is cer- 
tain when this distance is less than 9°. These angular dis- 
tances are called the lunax ecliptic limits. When the 
sun's distance from the node lies between these limits the 
occurrence or non-occurrence of an eclipse must be deter- 
mined by computation. 

The ecliptic limits corresponding to a total lunar eclipse 
are 6°.6 and 4°. 

The circumstances of a lunar eclipse which are predicted 
by astronomers and laid down in the almanacs are the times 
of beginning, of the middle, and of ending, and in case of 
a total eclipse the times of beginning and ending of the total 
phase J in case of a partial eclipse the magnitude also is given. 

The circumstances of a partial lunar eclii)se are illustrated 
by Fig, 85a. 




Fig. 85a. Partial Eclipse of the Moon. 

ExFLANATioir. NL ifl an arc of the ecliptic ; ND is the relative orbit of the 
moon ; KGB is the cross-section of the earth's ambra at the moon's distance ft-om 
the earth ; C, B, D,are the positions of the moon at the times of beginning, middle, 
and end of the eclipse ; and AB, expressed in terms of the diameter of the moon, is 
the magnitude of the eclipse. In this case the moon is eclipsed on its southern 
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Extent of Visibility of Eclipses. 

146. A solar eclipse^ being simply an occultation, or hid- 
ing, of the whole or a part of the sun by the intervening 
moon, is visible only at those places which are swept over 
by the moon's shadow system, and under the most favorable 
circumstances the area from which it can be seen is only a 
portion of a hemisphere. 

In a lunar eclipse, however, the whole or a part of the 
moon actually ceases to shine because its light is cut oflF by 
the intervening earth ; hence, the eclipse is visible over the 
entire hemisphere which is turned toward the moon. 

In consequence of the earth's rotation on her axis, the 
hemisphere which is turned toward the moon is continually 
changing, the eastern part passing out of the field of visi- 
bility and a new part from the west coming in. Hence, in an 
eclipse of long duration (and a total eclipse is sometimes 
visible for nearly two hours), some part of the eclipse may 
be seen over a region much greater than a hemisphere. 

As we shall see hereafter, solar eclipses are more numer- 
ous than lunar ones, but on account of the gi'eater area over 
which the latter can be seen the number of lunar eclipses 
visible at any given place is much greater than the number 
of solar ones. 

Color of the Moon in Eclipse. 

147. During the time of a lunar eclipse the moon with 
all its markings remains visible, shining with a dull red or 
copper color, even during the time of totality. This phe- 
nomenon is due to the action of the earth's atmosphere on 
the solar rays that pass through its lower strata. In enter- 
ing our atmosphere these rays are bent toward the earth by 
more than half a degree, and at the same time they take on 
a reddish hue in consequence of the absorption of their 
more refrangible elements ; in passing out of the atmos- 
phere, on their way to the moon, they are still further re- 
fracted and also undergo a still further absorption. The 
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total bending, which may amount to more than a degree, is 
suflBcient to throw them within the earth's umbra, and the 
total abso4^tion is sufficient to produce the reddish color 
that we observe on the moon's disk. 

The depth of the color depends on the state of the at- 
mosphere along the circle in which the umbral cone is tan- 
gent to the earth, and the distinctness with which it is seen 
depends on the state of the atmosphere at the place of ob- 
servation. It is only in rare instances that the moon is 
completely invisible during the time of totality. When 
such cases occur the eclipsed moon is usually very near the 
horizon of the observer. 

Eclipse Seasons. 

148. If we suppose the sun to set out from one of the 
moon's nodes, traveling eastward at the rate of 360° a year, 
while the nosde itself is traveling westward at the rate of 
nearly 20° a year, the two will meet after an interval of 
346.62 days (Art. 110) ; hence, the sun's average daily mo- 
tion with respect to the node is nearly 1°.04, at which rate 
he would traverse the greatest solar ecliptic limit in about 
17.9 days, and the greatest lunar ecliptic limit in about 11.5 
days. We see, therefore, that no eclipse, either solar or 
lunar, can take place more than 18 days from the time 
of the sun's passing one of the moon's nodes, either be- 
fore or after. For this reason we call the period made up 
of 18 days before the sun reaches either node and of 18 days 
after he passes that node an eclipse season. Inasmuch 
as it takes the sun 173.31 days to pass from either node to 
the one opposite, the interval between the end of one eclipse 
season and the beginning of the next is a little more than 
137 days. 

Number of Eclipses in an Eclipse Season. 

149. The number of eclipses that may occur in a single 
eclipse season depends upon the ecliptic \\\xv\t^ «sA ^^^ 



192 ASTRONOMY. 

upon the position of the sun at the times of full and new 
moon. 

The average value of the solar ecliptic limits is 16}°, and 
that of the lunar ecliptic limits is 10^° ; if we regard 1^04 
as the average daily motion of the sun with respect to the 
node, the former distance will correspond to 16.1 days, and 
the latter distance to 10.1 days ; hence, we say that there will 
probably be a solar eclipse when new moon happens within 
16 days of the node on either side, and a lunar eclipse when 
full moon occurs within 10 days of the node on either side. 

There may be three eclipses in one eclipse season ; for, if 
we suppose full moon to happen within 1 day of the node, 
there will be a lunar eclipse at that time, and furthermore, 
the new moon that occurs 14.8 days before, and also the 
new moon that takes place 14.8 days after, will both be 
within less than 16 days of the node, and consequently at 
each of these times there will probably be a solar eclipse. It 
is impossible to have two lunar eclipses in one season ; for, 
the interval between two full moons is 29.5 days; hence, if 
one falls within 11.5 days of the node, the other must hap- 
pen at a greater interval than 11.5 days from the node. We 
see therefor© that when there are three eclipses, one must 
be lunar and two solar. In this case it is to be noted that 
the lunar eclipse will be total, both of the solar eclipses 
being partial. 

It may happen that there will be but one eclipse in a 
season ; for if we suppose new moon to happen within 1 
day of the node, there will be a central solar eclipse at that 
time, and inasmuch as the full moon that occurs 14.8 days 
before, and the full moon that takes place 14.8 days after, 
are each more than 11.5 days from the node, there will 
probably be no lunar eclipse at either of these times. 

It is easily seen that in most cases there will be two 
eclipses in a season, one of which will be lunar and the 
other solar. 

Flammarion, in his Popular Astronomy, ^ves the details 
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of all the eclipses that have happened and that will happen 
fi-om the beginning of 1880 to the end of 1900. If we take 
a cycle of 38 eclipse seasons, beginning with December 1, 
1880, we find that 4 of these seasons embrace 3 eclipses 
each, 12 contain but 1 each, and 22 contain 2 each, the 
whole number in the cycle being 68. 

The average number of eclipses in a calendar year is 
nearly 3f , that is, there will be at the rate of 15 eclipses in 
4 years. It is theoretically possible that 7 eclipses may oc- 
cur in a single year, and it is absolutely impossible that 
there should be less than 2; of the 21 years above referred 
to, 1 year has 6 eclipses, 5 years have 5 each, 8 years have 
4 each, 1 year has 3, and 6 years have 2 each. 



The Eclipse Cycle, or the Saros. 

150. The time that it takes for the sun to revolve from 
one of the moon's nodes around to the same node again is 
346.62 days, and the time of 19 such revolutions is 6585.78 
days; the average length of the moon's synodical revolu- 
tion is 29.53058 days, and the length of 223 such revolu- 
tions is 6585.32 days ; hence, a period of 223 hmar months 
falls short of 19 nodical revolutions of the sun by .46 of a 
day, in which time the sun's motion with respect to the 
node is less than half of a degree. 

Furthermore, 223 lunations correspond almost exactly to 
two revolutions of the line of apsides with respect to the 
node. Hence, at the end of a period of 223 lunar months 
the sun and the moon will have returned very nearly to 
the same positions with respect to the moon's orbit that 
they had at the beginning of it, and consequently the 
eclipses of that period will be repeated in the same order 
and with but little variation in magnitude. This period of 
6585.32 days is an eclipse cycle ; it is equal to 18 yeai-s 
and 10-J or 11^ days, according to the number of times that 
9 
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the cycle contains the 29th day of February ; it was known 
to the ancients, by whom it was called Jhe Saros. 

If we have the date of the middle of any eclipse we can 
find the date of its return to a very close degree of approx- 
imation, by adding 6585.32 days. The following illustra- 
tion showing the times of recurrence of a total eclipse, and 
the regions in which the central eclipse is visible in each 
case, is copied from Newcomb's Popular Astronomy : 

1850, August 7th, 4h. 4m. P. M., in the Pacific Ocean ; 

1868, August 17th, 12h. p. M., in India; 

1886, August 29, 8h. A.M., in Central Atlantic and S. 

Africa ; 
1904, September 9th, at noon, in South America. 

It will be seen that the region in which the central phase 
is visible at each return shifts toward the west by a distance 
nearly equal to one-third of the earth's circumference : this 
change is due to the fact that the interval between two 
successive returns exceeds an integral number of days by 
nearly 8 hours. 

It is to be noted that there is a slight difference in phase 
of an eclipse at its successive recurrences; for the place of 
the sun with respect to the node is .46 of a day further to 
the west at each return. In consequence of this slight 
change, new eclipses gradually come into the cycle from the 
east and old ones leave it on the west. The average time 
that a lunar eclipse remains in the cycle is something more 
than 800 years, and the time that a solar eclipse remains 
is more than 1200 years. • 

The following account of the changes that may occur in 
an eclipse at successive returns is taken from Chambers' 
Descriptive Astronomy. In speaking of a solar eclipse 
which appeared at the north pole in June, 1295, and which 
moved southward at each return, he says : " On August 
27, 1367, it made its first appearance in the north of 
Europe ; in 1439 it was visible all over Europe; at its 19th 
appearance, in 1601, it was central in London ; on May 5, 
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181 89 it was yisible at London ; and was again nearly cen- 
tral at that place on May 15, 1836. At its 39th appearance, 
August 10, 1980, the moon's shadow will have passed the 
equator^ and, as the eclipse will take place near midnight, 
it will be invisible in Europe, Africa, and Asia. At every 
subsequent period the eclipse will go more and more to- 
ward the south, until finally, at its 78th appearance in Sep- 
tember 30, 2665, it will go off at the south pole of the earth, 
and disappear altogether." 

In the cycle of eclipses which includes the 1st of Decem- 
ber, 1880, and extends to the 12th of December, 1898, there 
are 68 eclipses, of which 42 are solar and 26 lunar ; that is, 
the numbers of solar and lunar eclipses are very nearly 
proportional to the average values of the solar and lunar 
ecliptic limits. 

Of the solar eclipses in this cycle, 15 are partial, 12 are 
total, and 15 are annular; of the lunar eclipses 15 are par- 
tial and 11 are total. 



Occultations. 

151. When one celestial body is hidden from view by 
the interposition of another, the phenomenon is called an 
occultation. According to this definition a total eclipse 
of the sun would be called an occultation, but astronomical 
usage has made the term technical, and it is now restricted 
almost entirely to the phenomenon of the moon's passage 
over a star or planet. 

As the moon advances from west to east it sweeps over a 
belt of the heavens whose breadth is about half a degree, and 
every star in that belt must be occulted as the moon passes 
over it. When a star is occulted it disappears at the eastern 
or advancing limb of the moon, and reappears at the west- 
em or following limb ; the instant of its disappearance is the 
time of immersion, and' the instant of its reappearance 
is the time of emersion. 
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It is difficult to observe either phase, even in the case of a 
bright star, except at the moon's dark limb. During the first 
half of a lunar month the dark limb is turned toward the 
east, and during the last half it is turned toward the west; 
hence, times of immersion are usually observed between 
new moon and full, and times of emersion between full 
moon and new, the most favorable times in both cases 
being near new moon. 

Occultations are usually observed for the purpose of de- 
termining the longitude of the place of the observer. To 
aid him, a list of stars liable to occultation is given in the 
Astronomical Ephemeris, together with certain data in- 
tended to facilitate computation. When the obeerved time, 
either of immersion or emersion, is known, the local time of 
conjunction of the moon and star as seen from the centre 
of the earth can be calculated ; the Greenwich time of this 
conjunction can be found from the ephemeris; then, the 
difference of these times is the observer's longitude from 
Greenwich. 



VIII. OF TIDES. 

Definitions. 

152. Tides are periodical elevations aud depressions of 
the surface of the ocean ; as a general rule the waters rise 
for about six hours, and fall for an equal time, remaining 
stationary for a short interval at each turn of the tide. 
The rising of the waters is called flood tide, their falling 
is called ebb tide, and during the intermediate intervals 
it is said to be slack water. The average time required 
for a tide to pass through all its phases is 12h. 25m., or half 
a lunar day. 

Causes of Tides. 

153. The tides are caused by the inequality of attraction 
exerted by the moon, and also of the sun, upon opposite 
sides of the earth. 

To explain the manner in which these causes operate to 
produce tides, let us first consider the action of the moon 
alone. 



e 



Y'lf^. 86. PopaUur UlaetrAtioD of the Cause of the Tides. 

ExFLAKATioN. In Fig. 86 let M be the centre of the moon, E the centre of the 
euth, FDCO a section of the earth by any plane throajrh M and E, DC the diameter 
whose dhrection passes through H, FG any chord whose direction passes through 
If, and which is therefore nearly parallel to DC, and H a point of FG whose distance 
ftom M la equal to HB. 
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Suppose C, E, and D to be three equal particles; then, 
from the Newtonian law, the moon's attraction on C will 
be greater than it is on E, and her attraction on E will be 
greater than it is on D ; hence, C will be drawn away from 
E, and E away from D, or what is the same thing relatively, 
the action of the moon is to draw both C and D away from 
the centre E. Again, let G, H, and F be three equal parti- 
cles; then it may be shown as before that the action of the 
moon is to draw both G and F away from H. The total 
effect of the moon's attraction is therefore to draw all the 
particles on the side CG toward M, and all the particles on 
the opposite side FD, away from M, this effect being great- 
est near C and D, as shown by the arrow-heads in the figure. 

If the earth were at rest, these forces would produce two 
broad protuberances, one having its apex at C, directly 
under the moon, and the olher having its apex at D, dia- 
metrically opposite ; but before these protuberances have 
time to form, the earth turns on its axis so as to bring new 
points under the moon, at which the tendency to form the 
protuberances is renewed, and so on continually. The re- 
sult of this continued action is the formation of two broad 
flat waves, called tidal- waves, which follow the moon in 
its diurnal motion, moving from west to east around the 
globe. 

In what precedes we have supposed the entire earth to be 
covered by water, whereas in reality the ocean is interrupted 
by continents, islands, and shoals, which break up and 
gi'catly modify the continuity of the tidal waves, without 
destroying them. 

The action of the sun upon the waters of the globe is 
similar in kind to that of the moon, but inasmuch as its 
inequality of attraction on opposite sides of the earth is 
much smaller, its tide-producing power is less than that of 
the moon in the ratio of 4 to 9. It might be expected that 
the sun would form two independent tidal waves, but in- 
stead of this the sun and moon conspire to produce two 
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resultant waves lying on opposite sides of the earth, of 
which the heights and^ in some degree, the positions are 
dependent upon the relative positions of these two bodies. 

The resultant wave, whose crest is on the side of the 
earth turned toward the moon, is called the upper tide 
wave, and the one that is on the opposite side of the earth 
is the lower tide wave. When either wave is approach- 
ing a place it is flood tide, when the crest of the wave 
reaches the place it is high water , and whilst the wave is 
receding it is ebb tide. In explaining the law of distribu- 
tion of tides it will generally be suflBcient to consider the 
upper wave only, for what is said of it will be equally true 
of the lower one. 

Distribution of Tides. 

154. If the entire earth were surrounded by a deep ocean, 
the crest of the tide-wave would lie nearly north and south ; 
following the westward motion of the moon in her diurnal 
path, it would move regularly around the earth in a lu7iar 
day, its velocity in the equatorial regions being about 1000 
miles an hour ; the tides would be highest near the equator, 
and would gradually diminish in altitude toward the poles, 
where they would be insignificant. 

In consequence, however, of the peculiar arrangement of 
the land and water of the globe, this simple law is greatly 
changed, so that the actual latv of distribution of the tides 
is exceedingly complex. And yet, in spite of this complex- 
ity, there is at each place on the earth so great a regularity 
in the times and heights of the tides that both may be pre- 
dicted with suflBcient precision for all practical purposes. 

It is found by observation that all the principal tides of 
the world depend on a great primal wave, which is de- 
veloped by the direct action of the sun and moon on the 
vast expanse of water in the southern Pacific Ocean. The 
general course of this wave is westward, but as it advances 
it sends ofE branches, first into the norttieTw Y^^d^^, ^^tl 
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into the Indian Ocean, and finally into the Atlantic, being 
everywhere reinforced and sustained by the minor tide- 
waves that are generated in those oceans. 

The branch sent into the northern Pacific moves rapidly 
along the deep waters, and more slowly in the shallower 
waters of that ocean, and at the end of 10 or 12 houra 
reaches the eastern shores of northern Asia and the western 
shores of North America. 

The main wave, after being delayed by shoals and islands, 
reaches the waters of southwestern Australia about half a 
lunar day after its generation, that is to say, when it is 
about half a day old. Sending a branch northward, which 
goes to produce the tides of the Indian Ocean, the main 
wave reaches the South Atlantic at the Cape of Good Hope 
after another half of a lunar day. Here it is deflected 
northward by the opposing continent of America, reaching 
the middle of the North Atlantic when it is about 37 hours 
old. 

When the wave first enters the Atlantic Ocean, its crest 
has a curved form, whose convexity is turned toward the 
northwest ; as it moves on, the curve that marks the ad- 
vancing crest becomes more convex, the vertex of the curve 
following the general line of the deepest water ; when it 
reaches the middle of the North Atlantic the crest has 
taken a parabolic form, whose axis is directed northward, 
whose western side is nearly parallel to the general trend of 
the eastern coast of the United States, and whose eastern 
side is nearly parallel to the coast line of the Eastern Conti- 
nent. The western portion of the wave falling upon the 
coast of the United States, gives us our tides, the eastern 
portions produce the tides of southwestern Europe, and the 
still advancing front, after sending off branches to the east 
and west, finally loses itself in the Arctic Ocean. 

It will be seen that the wave which produces the tides of 
the eastern coast of the United States is something more 
than 1^ lunar days old when it reaches us ; hence, the tides 
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that we get are not dae to the last transit of the moon, ex- 
cept so far as they are reinforced by the local tide-wave gen- 
erated in the ^Northern Atlantic, bat to the action of the 
sun and moon nearly 40 hours before. The tides at London, 
which reach that place by a wave that passes around to 
north of Scotland, and then down the North Sea, take 
place nearly %\ days later than the genesis of the phmal 
wave in the Pacific Ocean. 

Spring and Neap Tides. 

155. The heights of the tides at any place depend upon 
the relative positions of the sun and moon. When these 
bodies are in conjunction or in opposition, that is, at the 
times of new moon and oifiill moon, they both tend to pro- 
duce high water at the same time. This gives rise to the 
highest tides, which are called spring tides. When the 
sun and moon are 90° apart, that is, at the times of the first 
and of the third quarter of the moon, the sun acts to pro- 
duce high water at the same time that the moon acts to 
produce low water, and the reverse ; this gives rise to the 
lowest tides, which are called neap tides. 

In consequence of the retardation of the primal wave, as 
explained in the preceding article, the spring tides on our 
coast do not occur till the third or fourth tide after new 
or full moon, nor do the neap tides happen till an equal 
interval after the first and third quarters of the moon. 

Variations due to the Distances of the Sun and Moon. 

156. It has been found by computation that the tide- 
producing powers of the sun and of the moon, when both 
are at their mean distances from the earth, are to each other 
very nearly as 4 to 9. If we represent the corresponding 
height of the solar tide by 1, that of the lunar tide will be 
represented by 2.25 ; on the same scale, the height of 
neap tide will be represented by 1.25 and that of s^^riu^ tide 
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by 3.25, that is, the average height of neap tide is to that 
of spring tide as 5 is to 13. 

The relations between the heights of the tides, both solar 
and lunar, undergo considerable variations on account of 
the varying distances of the sun and moon from the earth. 
It has been shown by the higher analysis that the tide- 
produchig poioer of either of these bodies varies inversely as 
the cube of its distance from the earth. 

By means of this principle, we can show that the heights 
of the lunar tides corresponding to the moon's greatest^ 
mean, and least distances, are to each other as the numbers 
85, 100, and 117. On the scale adopted, the heights of the 
corresponding lunar tides are represented by the numbers 
1.91, 2.25, and 2.63. It may also be shown that the heights 
of the solar tides corresponding to the sun's greatest, mean, 
and least distances, are proportional to the numbers 95, 
100, and 105. On the scale adopted, the heights of the 
corresponding solar tides are represented by the numbers 
.95, 1, and 1.05. 

The highest possible spring tide will occur when the 
moon is in perigee and the earth in penhelion ; on the scale 
adopted it will therefore be denoted by the number 3.68. 
The lowest possible neap tide will happen when the moon is 
in apogee and the earth in perihelion ; it will be represented 
by the number .86. These results indicate the greatest 
possible range of the tides measured at open sea. 

The tides that occur when the moon is in perigee are 
called perigean tides, and those that occur when the moon 
is in apogee are called apogean tides. If we consider the 
sun at his mean distance, the greatest apogean will be to the 
greatest perigean tide as 291 is to 363. 

The Diurnal Inequality. 

157. We have seen that the combined action of the sun 
and moon gives rise to a single upper and to a single lower 
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tide; we have also seen that the vertices of these tides tend 
to conform to the position of the moon rather than to that 
of the sun ; consequently the vertex of the upper tide is 
generally on the same side of the equator as the moon and 
that of the lower one is on the opposite side, or what is the 
same thing, the vertices of the two tides cross the meridian 
of any place at unequal distances from that place. But the 
height of the tide at any place depends upon the distance 
of the place from the apex of the corresponding tide-wave ; 
hence, there is a diflference between the heights of the upper 
and lower tides at any place, which difference is called the 
diarnal inequality. 

The diurnal inequality is dependent principally on the 
declination of the moon, but somewhat also on the sun's 
declination ; it is greatest when both the sun and the moon 
are farthest north or farthest south, and it totally disappears 
when both are in the plane of the equator. 

On the eastern coast of the United States, where the tides 
arrive by a circuitous route, the diurnal inequality is so 
modified as to be quite inconspicuous ; but on the western 
coast, where the tides are received more directly, it is a 
marked feature of the alternating tides. Thus, in the port 
of San Francisco, when the moon has its greatest declina- 
tion, the range of the higher tide is nearly 7 feet, and the 
range of the lower one varies from 1|^ to 3 feet ; on the 
Atlantic Coast the greatest value of the diurnal inequality 
is less than 1 foot. 

Priming and La^^in^ of the Tides. 

158. The combined action of the sun and moon tends at 
each instant to produce a tide- wave whose vertex, as seen 
from the centre of the earth, lies between the two bodies 
and nearer the latter. The interval between two successive 
passages of this wave over the meridian of any place, which 
is the same as the interval between two snccessly^ \l^^q.i: 
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tides at that place, is called a tidal day. In the course 
of each synodic revolution the average length of a tidal day 
is the same as that of a lunar day ; but on account of the 
varying angular distance of the moon from the sun^ the 
position of the tidal wave with respect to these bodies is 
continually changing, and consequently the actual lengths 
of different tidal days are unequal. 

At the time of the moon's conjunction with the sun the 
vertex of the tide-wave is supposed to be directly under the 
moon. Setting out from this time, the tide-wave continually 
falls behind, that is, to the westward of the moon, until the 
end of the first quarter, when the total retardation becomes 
a maximum ; during this interval the average length of the 
tidal day is less than that of a lunar day. At the beginning 
of the second quarter the tidal-wave begins to gain on the 
moon, and continues to gain until the end of the second 
quarter, at which time the upper tide of the moon will 
coincide with the lower tide of the sun : during this period 
the average length of the tidal day is somewhat greater 
than a lunar day. 

Setting out again from the time of full moon, and re- 
membering that we are now comparing the position of the 
upper lunar with the lower solar tide, we find as before 
that the average tidal day during the third quarter is 
shorter, and during the fourth quarter longer than a lunar 
day. Hence, during the first and third quarters the time 
of high water is accelerated, and during the second and 
fourth quarters it is retarded: the acceleration is called 
priming, and the retardation is called lagging. 

As an illustration we may state that the average time of 
high water at Montauk Point, L. L, is 8h. 20m. after the 
transit of the moon ; but in consequence of priming it may 
happen as early as 7h. 50m. after the time of transit, or in 
consequence of lagging it may not occur till 8h. 50m. after 
the time of transit, or the time of sotithing of the moon, as 
it is called in the almanacs. 
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Establishment of a Port. 

159. The mean interval between the moon's transit 
across the meridian and the time of the following high 
water at any port, taken on the days of new and full moon, 
is called the establishment of the port. This is the 
common establishment y and is given in books on navigation 
and laid down on charts. The average of all the intervals 
between the times of transit of the moon and the following 
times of high water, during a month, is known as the 
mean or corrected establishment. It is this establish- 
ment which is given in the Coast Survey reports, and laid 
down on the Coast Survey charts. 

When we know the establishment of a port and the range 
of priming and lagging, we can form a pretty close estimate 
of the time of high water at that port. The time of the 
moon's transit can be found with suflBcient accuracy from 
a common almanac. 

We subjoin a short table compiled from a Coast Survey 
report. In i\iQ first column is the name of the port ; in the 
second column is the establishment ; in the third, is the eX' 
treme range oi the variation from the establishment; in the 
fourth, the mean height of high above low water ; in the 
fifth, is the height of spring tides ; and in the sixth, is the 
height of neap tides. 

TABLE. 




Eastport, Me 

Portsmouth, N. H 

Boston, Mass 

Sandy Hook, N. Y. . . . 

New York City 

Philadelphia, Pa 

Charleston, 8. C 

Savannah, Gki 

San IXego, Cal 

Son Francisco, Cal 



llh. 8ra. 
llh. 23m. 
llh. 27m. 

7h. 29m. 

8h. 13m. 

Ih. 18m. 

7h. 26m. 

8h. 13m. 

9h. 38m. 

Ih. 14m. 



/ 



3. 


4. 

18.1ft. 


5. 

20.6ft. 


6. 


51m. 


1 
15.4ft. 1 


63m. 


8.6ft. 


9.9ft. 


7.2ft. ! 


43m. 


10.0ft. 


11.3ft. 


8.5ft. 1 


47m. 


4.8ft. 


5.6ft. 


4.0ft. 


43m. 


4.3ft. 


5.4ft. 


3.4ft. 


44m. 


6.0ft. 


6.8ft. 


5.1ft. 


48m. 


5.1ft. 


6.0ft. 


4.1ft. 


51m. 


6.5ft. 


7 6ft. 


5.5ft. 


Ih. 35m. 


3 7ft. 


5.0ft. 


2.3ft. 


Ih. 15m. 


y 4.^1V 


V ^.^'SJVv 


\ ^\^V^ 



\ 
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Modifications Due to the Form of a Coast. 

160. The tides at different places along an extended 
coast are greatly modified by the conformation of the shore 
line and by the manner in which the wave strikes it 

When the crest of the advancing wave falls centrally upon 
a projecting cape, the two parts into which it is divided 
move along the sides of the cape, giving a comparatively 
small tide at the cape, and larger ones further on ; thus, 
the Atlantic wave when it falls upon Cape Hatteras gives a 
tide of only 2 feet at the cape, whilst those which are 
produced both to the north and south of the cape are from 
4 to 6 feet in height. 

If the wave falls obliquely upon the cape, it is partially 
deflected so as to produce a smaller tide behind the cape ; 
thus, the wave that moves up St. George's Channel in Great 
Britain is deflected by Carnsore Point in Ireland toward 
the opposite shore of Wales, where it produces large tides, 
while the tides on the eastern shore of Ireland are com- 
paratively small. 

When a bay or indentation of the coast presents a favor- 
able opening to the tidal wave, the tide becomes higher and 
higher from the mouth to the head of the bay. Prof. Hil- 
gard, in the Smithsonian report for 1874, says that this is 
due to the concentration of the wave by the approach of the 
shores and the gradual shoaling of the bottom. He illus- 
trates the law by referring to the tides of the Atlantic coast 
of the United States which, in general outline, is made up of 
three large bays : the great soutTiern, from Cape Floiida to 
Cape Hatteras; the great middle, from Cape Hatteras to 
Nantucket; and the great easterny from Nantucket to Cape 
Sable. 

The Atlantic tide-wave arrives at about the same time at 
Cape Florida, Cape Hatteras, Nantucket, and Cape Sable, 
and at those points its height is inconsiderable compared 
with the rise at the heads of the several bays. At Cape 
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Florida the mean rise and fall is only IJ ft., and at Cape 
Hatteras only 2 ft., while at Savannah it reaches 7 ft. 
Again, at the head of the middle bay in New York harbor 
it reaches 5 ft., while at Nantucket it is but little greater 
than 1 ft. 

The configuration of the eastern bay is less regular, 
and the correspondence of heights is not so obvious. 
The recess of Massachusetts Bay is well marked, and the 
tides reach the height of 10 ft. at Boston and Plymouth. 
Eolling eastward along the coast of Maine, the tide contin- 
ually increases; but the most striking effect of converging 
shores is exhibited in the bay of Fundy. At Eastport and 
St John's the mean height of the tide is 19 ft., but at Sack- 
ville, in Cumberland basin, it is 36 ft, attaining to 50 ft 
or more at spring tides. 

In a similar manner we can explain the high tides at the 
head of Panama Bay in Central America, and. in Bristol 
Channel in England. 



Effect of Depth on the Velocity and Heis^ht of Tide- Wave. 

161. We have seen that the great tide-wave moves over 
more than 70° of latitude in about 12 hours in its advance 
along the deep channel of the Atlantic Ocean. As it ap- 
proaches the coast its velocity is rapidly diminished, and 
when it enters our harbors and rivers, where the water is 
shoal, it is reduced to 20 or 30 miles an hour, and some- 
times to even less. 

The .average velocity of the tide- wave flowing through 
Long Island Sound is but little more than 35 miles an 
hour ; in advancing from Sandy Hook to New York City 
it is only about 20 miles an hour; and in moving from 
New York, up the Hudson River to Albany, it is not far 
from 16 miles an hour. In all of these cases the height of 
the tide tends to increase as the depth of water diminishes 
and the sides of the channel converge \ th\stfciiLd^\iQ.^^\vss^- 
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eyer, is subject to the counteracting effect of friction and 
obstructions of various kinds. 

The effects of these changes of height and velocity are 
strikingly manifested in the tidal systena of New York and 
its vicinity. The great Atlantic wave enters New York 
harbor at Sandy Hook about the same time that it enters the 
east end of Long Island Sound, and the two partial waves 
advance to meet each other in the neighborhood of Fort 
Schuyler. The wave that enters by Sandy Hook advances 
at first with a velocity of 20 miles an hour and with com- 
paratively little variation in height; on entering the East 
Eiver its velocity is rajridly reduced to about 7 miles an 
hour, and in consequence of the tortuosity of the channel 
its height is diminished rather than increased. 

The wave that enters the east end of the sound is at first 
less than 2 feet in height, but as it travels westward this 
height increases, being 6 feet at New Haven, and rising .to 
over 7 feet when it reaches Throg's Neck. In consequence 
of the greater height of tide thus produced by the wave 
coming through the sound, a portion of the flood passes 
through the narrow channel below the place of meeting, 
giving rise to numerous irregular currents, and finally 
leaves New York harbor with the ebb, thus contributing 
to the scouring effect of the outgoing tide, and aiding to 
keep up the depth of channel necessary for the purposes 
of navigation. 

The tides of the North, or Hudson, River average about 
3^ feet in height at Tarrytown, are less than 3 feet at West 
Point, and rise to 4 feet at Tivoli, from which place they 
diminish in altitude to Albany, where they are a little over 
2}- feet. The rate at which the tide-wave ascends the river 
is not far from the speed of the North River steamboats ; 
hence, if a boat leaves New York at high water it has the 
benefit of the tidal current all the way to Albany. 

In many cases where the mouth of a river is at the head 
of a bay, and the waters are shoal in its vicinity, the in- 
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coming wave is thrown into the form of a head or wall of 
water that has been named a bore, which ascends the 
river with great impetuosity. The tidal bore at Tsien-tang 
is said to extend across the river, and to be 30 feet high ; 
the tidal bore of the Hooghly, one of the mouths of the 
Ganges, is from 20 to 25 feet high ; and at the mouth of 
the Amazon it is 12 or 13 feet high. 

Tides of Inland Seas. 

162. In consequence of the narrowness of the entrance 
channels to the Mediterranean and tlie Baltic seas, their 
tides are very small. In the Mediterranean tlie average 
height of the tides is no more than 1^ feet, although in 
some places they reach an altitude of 3 feet. 

In inland lakes the tides are so insignificant that they are 
almost entirely masked by other and greater irregularities. 
A few years ago Gen. Graham made a long series of obser- 
vations on Lake Michigan, from which he inferred that the 
height of the tides on that body of water was less than 
2 inches. Hence, we may conclude that inland seas like 
the Caspian and the large lakes like those on our northern 
border are practically tideless. 



IX. OF CALENDARS. 

Definitions. 

163. A calendar is a register of epochs and periods of 
time arranged to meet the wants of civilized life. 

When arranged with reference to the needs of civil life it 
is a civil calendar ; when arranged to meet the demands 
of the church it is an ecclesiastical calendar. 

Natural and Artificial Units of Time. 

164. The natural units of time are the solar day, the 
lunar month, and the tropical year. 

The mean solar day is the average length of all the solar 
days in a year ; the mean lunar month is equal to 29.53058 
mean solar days ; and the mean tropical year is equal to 
365.2422 mean solar davs. 

It will be seen that the lengths of natural months and 
the natural year are incommensurable with the day, which' 
is the fundamental unit of time ; for this reason, the calen- 
dars now in use are constructed by combining artificial 
months and years as explained below. 

In the civil calendar each year is made up of 12 artificial 
months, called calendar months ; a calendar month may 
contain 28, 29, 30, or 31 days. 

The calendar years are of two kinds: common years, 
containing 365 days, and bissextile or leap years, con- 
taining 366 days ; these are so distributed that after a long 
period of time the average length of the calendar year shall 
be very nearly equal to that of the mean tropical year. 

In the ecclesiastical calendar the months employed are of 
twQ kind^: @olid mQnths, which contain 30 days each^ 
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and hollow months^ which contain 29 days each ; these 
are so distributed that after a long period of time their 
average length shall be very nearly equal to a mean lunar 
month. 

The week, though not an astronomical period, corres- 
ponds roughly to a quarter of a lunar month ; it is used 
both in the civil and in the ecclesiastical calendar. 

The order of arrangement of the Latin names of days is 
suggested by the following geometrical construction. 

Explanation. The circumfer- 
ence of a circle is divided into 7 equal 
parts, and at each point the sign of a 
planet is placed, the order of succes- 
sion being the same as the order of 
their assumed distances from the 
earth regarded as the central body. 
The points are then joined by lines as 
shown in the diagram, thus forming 
a regular 7-pointed star polygon. 
Starting now from any planet, say 
the Sun, and following the* directions 
indicated by the arrows, we come in Fig. 87. Order of the Days of the 
succession to the Moon, Mars, Mer- Week, 
cury, Jupiter, Venus, Saturn, and 

thence back to the sun. This order is the same as the order of the 
days of the Roman week. 

The week, as a cycle of time, appears to have been intro- 
duced among the Bomans during the reign of the emperors. 
The names which the Bomans gave to the days of the week 
were derived from those of the seven bodies, which at that 
time were called planets, viz.: the Sun, the Moon, Mercury, 
Venus, Mars, Jupiter, and Saturn. These names, in being 
transmitted to us, were modified by our Saxon ancestors, 
who substituted Woden for Mercury, Friga for Venus, 
Tuisco for Mars, and Thor for Jupiter. The original 
O^m^ wd th^ir modifications are shown. \\x t\v^ IqWo^Sx^^ 
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TABLE. 




Latin names. 


Modified names. 


Present names, 


Dies Soils 


Sun's Daeg 


Sunday 


Dies LunaB 


Moon's Daeg 


Monday 


Dies Martis 


Tuiseo's Daeg 


Tuesday 


Dies Mercurii 


Woden's Daeg 


Wednesday 


Dies Jovis 


Thor's Daeg 


Thursday 


Dies Veneris 


Friga's Daeg 


Friday 


Dies Satunii 


Saturn's Daeg 


Saturday. 



Origin of the Civil Calendar. 

165. Our civil calendar is based on that of the ancient 
Romans. It is said that Eomulus instituted a cycle of 304 
days, divided into 10 months, which were called Martins, 
ApriliSy Mains, Junius, Quintilis, Sextilis, September, Oc- 
tober, November, and December. 

His successor, Numa Pompilius, added two months, 
called Januarius and Februarins, the former of which he 
placed at the beginning and the latter at the end of the 
Eomulian cycle. He arranged the lengths of the months 
so that the twelve should contain 355 days, which differs 
but 1 day from 12 lunar months. To adjust this to the 
tropical year, which is the cycle of the seasons, he directed 
that every second year should be increased by an additional 
month, called Mercedonius. This added month contained 
alternately 22 and 23 days, and was intercalated between 
the 23d and 24th of February, the former being the day 
set apart for the feast of Terminalia. The luni-solar year 
thus established was, on the average, about 1 day longer 
than the tropical year, a fact which soon led to a modifica- 
tion of the rule for intercalation, and ultimately to much 
irregularity in the calendar. 

Under the Decemviri the month of January was taken 
from the beginning of the year and placed between the 
months of December and February. The order of the 
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months and the number of days in each then stood as fol- 
lows: Martins, 31; Apiilis, 29; Mains, 31; Junius, 29; 
Quintilis, 31 ; Sextilis, 29; September, 29; October, 31; 
November, 29 ; December, 29; Januarius, 29; and Febru- 
arius, 28. The rule for intercalation at this time is some- 
what uncertain, though Scaliger, in speaking of the old . 
Roman luni-solar calendar, says that **the principle was 
to intercalate a month alternately of 22 and 23 days every 
other year during periods of 22 years, passing over the 
last biennium, so that in each period 10 such intercalary 
months were inserted." According to this rule the average 
year would approximate pretty closely to the year of the 
seasons ; but the rule was misapplied, and the calendar 
soon fell into great confusion. 

The Julian Reform. 

166. Acting on the advice of Sosigenes, an Alexandrian 
astronomer, Julius Caesar, made a radical reform in the 
calendar. He abolished the old lunar calendar, with its 
intercalary months, and substituted therefor a purely solar 
calendar. He changed the order of the months so as to make 
the year begin when the earth was in perihelion ; this was 
done by causing the year 45 B. C, which at that time began 
a little before the middle of October, to end on the last day 
of the second following December. This year, which was 
thus made to contain 445 days, is known by chronologists 
as the year of confusion. He assumed the length of the 
solar year to be 365J days, and in order to take account of 
the fractional part of a day, he directed that the first three 
years of each quadrennium should contain 365 days, but 
that the fourth year should contain 366 days. The addi- 
tional day in every fourth year was intercalated in the place 
occupied by the old month Mercedonius, that is, between 
the 23d and the 24th of February. 

He readjusted the lengths of the months, the name of 
the old month Quintilis being changed to Julius in honor 
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of the reformation. The names of the months and the 
number of days in each then stood as follows : Januarius, 
31 ; Februarius, 29 ; Martins, 31 ; Aprilis, 30 ; Mains, 31 ; 
Junius, 30 ; Julius, 31 ; Sextilis, 30 ; September, 31 ; Octo- 
ber, 30 ; November, 31 ; and December, 30. 

The Aug^ustan Correction. 

167. In carrying out the orders of Julius Caesar, the rule 
for intercalating the additional day was misunderstood, so 
that a day was actually added every third instead of every 
fourth year, until the year 9 B.C. inclusive. To correct 
this error, the Emperor Augustus directed that no fui*ther 
intercalation should be made till the sixteenth year follow- 
ing, which was the year 8 A.D. In honor of this correction 
an obsequious senate changed the name of the month Sex- 
tilis to Augustus, and in order that this month should be of 
the same length as the month Julius it was increased by one 
day taken from Februarius ; then, to prevent 3 long months 
from coming in succession, one day was transferred from 
September to October and one day from November to De- 
cember. These changes having been made, the order of the 
months and their lengths was the same as we find them now, 
and the calendar, thus perfected, remained without further 
alteration for nearly 16 centuries. 

According to the Roman method of counting the days of 
the month hacktvard from the tirst day of the succeeding 
month, it happened that the 23d of February in every com- 
mon year was called sexto calendas Martias ; the intercalated 
day in the fourth year of each quadrennium vras called bis 
sexto calendas Martias; hence, the fourth year •of the 
quadrennium came to be called a bissextile year. 

A common year contains one day more than 52 weeks ; 
consequently the years that follow common years begin one 
day later in the week. The years that follow bissextile 
years begin two days later in the week, that is, they skip or 
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leap over one day; hence, bissextile years are frequently 
called leap years. 

The Greg^orian Reformation. 

168. The average Julian year being .0078 of a day 
longer than the tropical year, the Julian date of the ver- 
nal equinox must fall back by that amount annually, in the 
same way that a clock which runs too slow falls behind one 
that keeps accurate time. At the time of the Julian Refor- 
mation, the date of the vernal equinox was March 24th, but 
at the time of the Council of Nice, 325 A. D., it had 
fallen back to March 21st. Now it was this council that 
fixed the time of Easter by declaring that it should be 
celebrated on the first Sunday following the full moon that 
happened on, or next after, the vernal equinox. 

At the time of Pope Gregory XIII., the date of the ver- 
nal equinox had fallen back to March 11th, and a corres- 
ponding change had taken place in the date of Easter. To 
remedy this defect in the calendar, Gregory proposed a 
change which was adopted by the ecclesiastical council that 
assembled in 1582. To restore the date of the equinox to 
what it was in the year 325, ten days were added to the Julian 
count, and to prevent a recurrence of the difficulty, it was 
agreed to omit the intercalary day in each subsequent cen- 
tesimal year, whose number is not divisible by 400. Accord- 
ing to this scheme the rule for determining the length of a 
year may be written as follows : every year whose number 
is not divisible by 4 and every centesimal year whose number 
is not divisible by JfiO is a common year of S65 days; all 
other years are leap years of 366 days. 

The calendar thus revised was adopted at once in the 
principal Catholic countries, but more slowly in other 
countries. It was not adopted in Great Britain till 1752, 
at which time, because of the omission of the intercalary 
day in 1700, the difference between the Julian and the 
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Gregorian count had become 11 days. At the same time 
the beginning of the year was changed from the 25th of 
March to the 1st of January. Parliament enacted that the 
year 1752, which began on the 25th of March, should end 
on the 31st of December, and also that the day following 
September 2, 1752, should be called the 14th of September. 

These changes gave rise to two methods of writing dates : 
tlie old style (0. S.) and the new style (N. S.), the 
former being the Julian and the latter the Gregorian 
date. 

As an illustration of the effect of the change of styUy we 
may instance the case of Washington. He was bom Febru- 
ary 11, 1732, before the change of style. Inasmuch as 1752 
began on the 25th of March and ended on the 31st of De- 
cember, he had no birth-day in that year ; hence, he was 20 
years old on the 22d of February, 1753, new style. Because 
anniversaries are always determined according to the civil 
calendar, the birth-day of Washington is properly cele- 
brated on the 22d of February, and not on the 23d, as some 
have contended, on account of the day dropped in the year 
1800. 

Notes on the Civil Calendar. 

169. The years as named in the civil calendar are years 
current. There is no such thing as a year. In order, 
therefore, that the years before and after the beginning of 
the Christian era may be reckoned in a continuous series, 
the numbers denoting years B. C. must be diminished by 1 : 
thus, the vear 45 B. C. is the same as — 44 A. D. 

From this principle it follows also that a century does not 
end till the end of the centesimal year. Thus, the 18th 
century did not end till December 31, 1800. 

The difference between the old and new style is now 
equal to 12 days, in consequence of the omission of an 
intercalary day in the year 1800. This is the difference 
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between our own dates and those of Bussia, which still 
adheres to the Julian calendar. 

With the corrections already noted, the civil calendar will 
not depart from the astronomical reckoning by so much as 
one day before the year 5,000 A. D. 

The Ecclesiastical Calendar. 

170. The ecclesiastical calendar as it now exists was 
formed by bringing a system of artificial periods, called 
calendar lunar months, into harmony with the Gregorian 
Calendar. Its most important use is the determination of 
the datos of the movable fasts and festivals of the church. 
This determination depends, so far as we are concerned, 
upon the English law, which says, *^ . . . . Easter Day, on 
which the rest depend, is always the first Sunday after the 
full moon that happens upon or next after the 21st day of 

March " The full moon referred to has always been 

understood to mean the 14th day of the calendar lunar 
month. 

The Lunar Cycle, Golden Number, and Epact. 

171. The lunar cycle is a period of 19 Gregorian years, 
which coincides very closely with 235 mean lunar months. 
It begins with the year in which the new moon of the calen- 
dar lunar month falls on the 1st of January, and the num- 
ber of any year of the cycle is called the golden number 
of that year. The present cycle commenced with 1881, so 
that the golden number of 1883 is 3, that of 1884 is 4, and 
so on. 

A lunar cycle is divided into calendar lunar months as 
follows : the first month of any year is a solid month of 
30 days ; the second is a hollow month of 29 days, unless 
it includes the 29th of February, in which case it is a solid 
month; the third is solid ; the fourth is hollow, and so on 
alternately to the end of the year. The residual days at the 
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end of each calendjir year are carried forward to form a part 
of the first month of the following year, until by accumula- 
tion they amount to 30 or more, in which case an embolis- 
mic month of 30 days is formed, and the remaining days 
are carried forward as before, and so on to the end of the 
cycle, which closes with a hollow month of 29 days. 

The number of days carried forward to any year is the 
epact of that year. Hence, the epact of a year is the age 
of the calendar moon at the end of the preceding year. The 
epact for 1881, the first year of the present cycle, is 0; for 
1882 it is 11 ; for 1883 it is 22 ; for 1884 it is 33 — 30, or 3, 
and so on to the last year of the cycle, for which it is 18. 
From what precedes, it is evident that the epact for any 
year may be found by the following 

RULE. 

Diminish its golden number by 1 ; multiply the 
remainder by 11; and divide the product by 30; 
the remainder will be the epact required. 

Because the epact is also the age of the calendar moon at 
the end of February, we can easily deduce the time of the 
full moon that precedes Easter. Thus, for 1883 the epact 
is 22 ; subtracting this from 30, we have the day that the 
March moon ends ; increasing the remainder, which is 8, 
by 14, we have the time of the following full moon, which 
is March 22d. 

Correction of the Epact. 

172. When long periods of time are taken into account 
it is found that the average length of the calendar lunar 
month is a little less than that of a mean lunar month. 
This difference amounts by accumulation to 1 day in about 
300 years. To take account of this error and to bring the 
calendar moon into harmony with the actual moon of the 
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heavens, it has heen agreed to augment the length of one of 
the calendar lunar months hy 1 day in every period of 300 
years. This is done by diminishing the epact by 1 at every 
300th year. This correction was made in 1800, and will be 
repeated in the years 2100, 2400, etc. 

The Dominical Letter and the Solar Cycle. 

173. The days of the year were formerly designated by 
letters, A being written opposite the first, B opposite the 
second, and so on to G, which stood opposite the seventh 
day, after which the same letters and in the same order 
were continually repeated to the end of the year, always 
skipping over the 29th of February. The letter opposite 
Sunday in any year was called the Dominical or Sunday 
letter of that year. In common years there is but one 
Sunday letter, but in leap years there are tivOy one before 
the 29th of February and the other after ; as the latter is 
most used in practice, it is taken for the Dominical letter 
of the year, the former being neglected. 

It is easily seen that the Sunday letter falls back one place 
every common year and two places every leap year ; thus, the 
Dominical letter for 1881 is B; for 1882 it is A ; for 1883 it 
is G ; and for 1884 it is E. 

In a regular quadriennium of 4 Julian years the Sunday 
letter falls back 5 places, and in 7 such periods it falls back 
35 places, or 5 entire cycles, after which the days of the 
week recur on the same days of the year as in the preceding 
cycle. This period of 28 years is called the solar cycle. 

The preceding principles enable us to compute the num- 
ber of the Dominical letter for any year, but for practical 
purposes it is found more convenient to use Table I., from 
which we can take out the Sunday letter for any year from 
1600 A. D. up to 2400 A.D. 

A simple inspection of the table is sufficient to suggest the 
method of its formation. 
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Examples. ]>t it be required to find the Dominical let- 
ters for the years 1799, 1800, and 1804. Iq the column 
headed 1700, and on the same line as 99, we find F ; hence, 
F is the Dominical letter for 1799 ; in like manner we find 
that the Dominical letter for 1800 is E, and that for 1804 
is G. The year 1804 being a leap year, the Dominical let- 
ter given in the table is the one that follows February 29th; 
for the time preceding that diite the Dominical letter is A. 

When we know the Sunday letter for any year, we can 
easily find the day of the week corresponding to the let of 
January, from which we can, by a simple computation, find 
the day of the week corresponding to any day of the year. 
This operation is more conveniently purformed by means 
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of Table II., from which we can at once take out the day 
of the week corresponding to the 1st, 8th, IBth, 82d, and 
29th days of any month. 
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Explanation. To use Table 11., God the nioDtli in tlie left-hand 
column for common fears, and ia the riglitliand column for leap 
jearB ; tben in the aaine line end under the Dominical letter for the 
year will be found the day of the week correaponding to the iBt, 8th, 
ISth, 22d, and S(Hh days of that month. 



Examples. 1°. The battle of Bunker Hill was fought 
June 17th, 1775 : on what day of the week did it occur ? 

Solution. From Table I. we see thiit the Dominical 
letter for 1775 was A ; from Table II., under the letter A 
and opposite June, we find Tli. ; hence, the 15th of June 
was Thursday, and consequently the 17th was Sntvrday. 

2°, On what day of the month waa Easter in the year 
18*i3? 

Solution. We have already seen that the calendar full 
moon of March fell on the 23d. By means of Tables I. and 
IL we find that the 22d of March fell on Thursday ; hence, 
the following Sunday, which was Easter, came on the 25th. 



Chronological Cycles. 

174. Besides the solar cycle of 28 years and the lunar 
cycle of 19 years, both of which are a:*tronomical, the lio- 



222 ASTBONOMY. 

mans made use of a civil cycle of 15 years called the Cycle 
of Indiction. This cycle was used in the courts of law, 
and in the fiscal administration of the empire, and its use 
was thus introduced into legal dates. 

Different nations have reckoned time from different 
epochs, and sometimes in different units; but for the con- 
venience of astronomers and chronologists it has been 
found desirable to have a common epoch from which time 
is to be reckoned in terms of the same unit. For this 
reason it has been agreed to form a gi'and cycle of 7,980 
Julian years based upon the three cycles already mentioned. 

This cycle, which is called the Julian Period, com- 
mences with the beginning of the year 4713 B. C, which 
epoch is also the beginning of a solar cycle, of a lunar cycle, 
and of a Cycle of Indiction. Because 7980 is the least 
common multiple of 28, 19, and 15, it is obvious that the 
first years of all three of these cycles cannot again concur till 
the beginning of the year 3268 A. D., which will be the first 
year of the next Julian Period. To find the year of the 
Julian Period corresponding to any calendar year, we have 
only to add the number of the calendar year to 4713 : thus, 
the calendar year 1884 A. D. is the 6597th year of the 
Julian Period. When this style of reckoning is used for 
determining specific dates, these dates must first be reduced 
to the Julian, or old style. 

If we know the year of the Julian Period, it is obvious 
that we can find the corresponding years of the subordinate 
cycles by the following simple rules : 

1", To find the year of the solar cycle : divide the 
year of the Julian Period hy 28 ; if the remainder 
is not it will denote the year of the solar cycle, or 
if it is the given year will he the 28th year of the 
solar cycle, 

^\ To find the year of the lunar cycle : divide the 
year of the Julian Period by 19 ; if the remainder 
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is not it will denote the year of the lunar cycle, or 
if it is 0, the given year will be the 19th year of the 
lunar cycle, 

<?". To find the year of the cycle of indiction : di- 
vide the year of the Julian Period by 15 ; if the 
remainder is not it will denote the year of the 
indiction cycle, or if it is 0, the given year will 
be the 15th of the cycle of indiction. 

The year 1884 A.D. is the 6597th year of the Julian 
Period. Dividing 6597 in succession by 28, 19, and 15, we 
find the respective remainders 17, 4, and 12 ; hence, 1884 
is the 17th year of the solar cycle, the 4th year of the lunar 
cycle, and the 12th year of the cycle of indiction; these 
numbers are generally given in the almanacs. 

' It is to be observed that the lunar cycle above referred 
to, is supposed to be exactly equal to 19 Julian years ; it is 
therefore an artificial cycle. Hence, the above rule for find- 
ing the year of the lunar cycle will require a correction for 
ecclesiastical purposes as explained in Art. 172. 

The Dionysian Period is a period formed by a com- 
bination of the lunar and the solar cycles ; its leno^th is 
equal to 28 x 19, or 532 years. This period marks the 
recurrence of new moon on the same day of the week and 
the same day of the month throughout the year. It is 
used by chronologists in verifying dates. 

To find the year of the Dionysian Period corres- 
ponding to any calendar year, we first find the year 
of the Julian Period, and then divide its number 
by 532 ; the remainder, if not 0, will denote the 
year of the Dionysian Period, or if the remainder is 
the year is the 532d of the Dionysian Period, 

Thus, 1884 is the 6597th year of the Julian Period: 
dividing 6597 by 532 we find a remaipder equal to 213. 
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Hence, the year 1884 is the 213th year of the current 
Dionysian Period. In the example Just given the quotient 
found was 12 ; hence, 12 entire periods have elapsed, and 
we are now in the 13th Dionysian Cycle of the current 
Julian Period. 

By applying the preceding rules we find that the fir^ 
year of the Christian era was the 10th year of the 169th 
solar cycle, the 2d year of the 249th lunar cycle, the 4th year 
of the 315th indiction cycle, and the 458th year of the 9th 
Dionysian cycle of the current Julian Period. 



X. PLANETS AND SATELLITES. 

Preliminary. 

175. The general relations of the planets with respect to 
each other and with respect to the sun have been explained 
in preceding parts of this work. It is now proposed to 
point out some of their individual peculiarities and also to 
give an account of their satellites and other appendages. 
This branch of the subject will treat more particularly of 
the forms and magnitudes of the planets, of their times of 
rotation, of their telescopic appearances, and of their physi- 
cal conditions ; it will also contain an explanation of their 
satellite systems, and of the ring system of Saturn. The 
data employed will be those laid down in Tables I., II., III., 
Arts. 46, 47, and 51, which are only approximate ; it is 
therefore to be borne in mind that they are subject to cor- 
rection for reasons similar to that given in the note to 
Table I. 

MERCURY. ^. 

Magnitude, Distance, and Periodic Time. 

176. Mercury is the smallest of the eight principal 
planets, and is also the nearest to the sun. Its diameter 
is 2,990 miles, which is but little more than | of the earth's 
mean diameter ; his surface is therefore about \ of the 
earth's surface, and his volume about ^ of the earth's 
volume. 

Mercury revolves around the sun in a little less than 88 
days, its mean distance from that body being about 35f 
millions of miles. In consequence of the great excentricity 
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of his orbit, he alternately approaches the sun to within 28] 
millions of miles, and recedes from it to a distance of 43 
millions of miles. 

Synodic Period, Elongation, and Visibility. 

177. His synodic period, counted from inferior conjunc- 
tion to inferior conjunction, is a trifle less than 116 days. 
. At the beginning of this period he is at the middle of his 
arc of retrogradation, which on an average amounts to 
about 12^°. The time occupied in passing over this arc 
is about 22 days; during the remainder of the period 
his motion is direct; hence, the planet advances for about 
94 days, and then retrogrades for about 22 days, and so 
on alternately. Once during each synodic period he is 
at his greatest eastern and once at his greatest western 
elongation. 

In consequence of the planet's proximity to the sun, he 
is only visible to the naked eye for a few days at the time 
of his greatest elongation ; it is seen after sunset at the time 
of eastern and before sunrise at the time of western elonga- 
tion ; these times will be more or less favorable for observa- 
tion, according to the amount of the elongation and the 
obliquity of the planet's orbit to the horizon. 

Inasmuch as the inclination of the planet's orbit to the 
ecliptic is only about 7°, its inclination to the western hori- 
zon at sunset will be greatest in the spring of the year, and 
its inclination to the eastern horizon at sunrise will be 
greatest in the fall of the year. The greatest elongation 
will have different values at different times, being dependent 
on the distances both of the earth and of Mercury from the 
sun, as, may be seen from Fig. 88 ; it may have any value 
from 17f° to 28°. The former value corresponds to the 
least distance of Mercury and the greatest distance of the 
earth from the sun, and the latter to the greatest distance 
of Mercury and the least distance of the earth from the 
sun. 
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ExpulKATion. APH repreeents the f^ 

orbit of Mercury, S the eun, £ the earth, ^-y^ '^ 

and M the place of Mercury when the .'-''''X \ ^^ 

line EBi is tangent to the orbit. SEM is | ....-'"''^® / \ \ 

then the ^rreatest elongation, and if we El*^'* * \ 'c f ^ 

suppose SM to be perpendicular to EM, ▼ A\ / 

we shall have \v y 

8M ^ ^ 

~ SE* Fig. 88. Elongation of Mercury. 

Making SM equal to 28J millions of miles 

and SE equal to 94 millions of miles, we find the least value of SEM eqnal to 17° 
40^ ; making SM equal to 43 millions of miles and SE equal to 91 millions of miles, 
we find SEM equal to 28" 12'. 

When Mercury is visible to the naked eye it shines with 
a clear white light, appearing like a bright star of the first 
magnitude. Under favorable circumstances it is often visi- 
ble in the latitude of New York for 6 or 8 days both before 
and after its greatest elongation. 

Phases and Telescopic Appearance. 

178. When viewed with a suitable telescope, Mercury is 
found to have phases like the moon, and which are ac- 
counted for in the same manner. The cycle of his pliases 
is a synodic period ; at the time of inferior conjunction his 
illuminated face is turned from the earth, and the planet is 
invisible unless it happens to pass exactly between the earth 
and the sun; when he emerges from the glare of the sun's 
rays so as to be seen with a telescope his phase is crescent ; 
as he advances toward elongation the thickness of the cres- 
cent increases, and at his greatest elongation he has the 
same phase as the moon at first quarter ; from this time to 
superior conjunction his phase is gibbous ; at superior con- 
junction his illuminated hemisphere is turned directly 
toward us, but the planet is invisible, being enveloped and 
overpowered by the sun's rays. From superior conjunction 
back to inferior conjunction these phases are repeated, but 
in reverse order. 

The telescope reveals no markings from which his time 
of rotation on an axis can be inferred w\tt\ cett"a\xA.^,^i}w3Kx^ 
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Schroter assigned a rotation period of 24h. 5m. The ap- 
pearances on which this astronomer based his conclusion 
are now regarded as fallacious. The fact that the planet 
shows no markings has led some to suppose that he is sur- 
rounded by a dense mass of clouds or yapors. Observations 
at the times of transit indicate a pretty dense atmosphere. 

Transits of Mercury. 

179. The earth in his annual path crosses the line of 
nodes of the orbit of Mercury about the 7th of May and the 
9th of November ; if the planet happens to be at inferior 
conjunction within 2 or 3 days of either of these dates, he 
will probably be so near the ecliptic that he will pass directly 
between the earth and the sun, in which case he will be seen 
like a round black spot, moving from east to west across the 
solar disk ; this phenomenon is called a transit of Mer- 
cury. 

A cycle of 46 sidereal years differs fi*om 191 sidereal 
periods of Mercury by less than one-third of a day ; hence, 
if there is a transit very near either node at any time, cor- 
responding transits will recur at that node every 46 years, 
for a pretty long period. During the 46-year cycle there 
are usually 6 transits, 4 of which at present occur at the 
ascending node in November, and 2 at the descending node 
in May. This cycle of transits is, like the eclipse cycle, 
only approximate ; as in case of the Saros, new transits enter 
the cycle from time to time and old ones pass out. 

The last transit of Mercury took place November?, 1881; 
it was a recurrence of the transit of November 7, 1835. The 
next transit will be on May 9, 1891 ; this will be a recur- 
rence of the transits of May 6, 1799 and May 8, 1845 ; after 
1891 it will probably pass out of the cycle. The transit of 
November 10, 1894, will be a recurrence of the transits of 
November 9, 1802 and November 10, 1848. 

The transits of Mercury are valued by astronomers prin- 
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cipally on account- of the opportunity they aflfbrd for yerify- 
ing and correcting the tables of that planet. It was from a 
comparison of observations made on these transits that 
Leyerrier reached the conclusion that the perihelion of 
Mercury's orbit is moving more rapidly than can be ac- 
counted for by the perturbations of known planets, and 
which led him to suggest the existence of a group of small 
planets lying between Mercury and the sun. The actual 
existence of these intra- Mercurial bodies has not, as yet, 
been established. 

Venus. $ . 

Magnitude, Periodic Time, and Distance. 

180. Venus is the third of the principal planets in order 
of magnitude, counting from the smallest, and the second 
in order of distance from the sun. Her diameter is 7,660 
miles, which is only 4 per cent, less than that of the earth ; 
we may say therefore that her volume is very nearly equal 
to that of the earth. She completes a sidereal revolution 
around the sun in a little less than 225 days, her mean dis- 
tance from that body being 66f millions of miles. Her orbit 
is less excentric than that of any other principal planet, her 
least distance from the sun being about 66J^ millions of 
miles, and her greatest distance 67J millions of miles. 

Synodic Period, Elongation, and Visibility. 

181. The synodic period of Venus, counting from inferior 
conjunction to inferior conjunction, is nearly 584 days. At 
the beginning of this period she is at the middle of her arc 
of retrogradation, which is equal to nearly 16° ; the time 
occupied in traversing this arc is about 41 days ; during the 
remainder of the period her motion is direct; hence, the 
planet advances 543 days and retrogrades 41 days in a com- 
plete synodic revolution. Once during each synodic period 
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she is at her greatest eastern and once at her greatest west- 
ern elongation. 

Except for a few days at the times of her inferior and 
superior conjunction she is visible to the naked eye, half of 
the time on the east of the sun in the evening and half of 
the time on the west of the sun in the morning. In the 
former case it is called the evening star, and in the latter 
case the morning star; the ancients, thinking these to be 
different bodies, called the evening star Hesperus and 
the morning star Lucifer. 

When Venus is far enough from the sun to be seen after 
twilight in the evening, or before twilight in the morning, 
she shines with a brilliant white light. At her maximum 
brilliancy she is the brightest of all the planets ; at these 
times she can often be seen with the naked eye at midday, 
and at night her light is intense enough to form shadows 
of dark objects on a light ground. Her greatest elongations 
are more nearly equal than those of Mercury; the maximum 
value of her greatest elongation, found in the manner al- 
ready described, is 47° 40', and its minimum value is 44° 
50', the average being a little over 46°. She has the great- 
est biilliancy when her elongation is about 40°, just before 
reaching her greatest western, or just after passing her 
greatest eastern elongation ; she reaches the former point 
about 2 months after, and the latter point about 2 months 
before she is at inferior conjunction. 

Phases, and Distances from the Earth. 

182. Venus passes through the same succession of phases 
as Mercury. In moving from inferior conjunction to the 
greatest western elongation her phase is crescent ; at the 
greatest elongation it becomes dichotomoiis ; after this it 
becomes (jibhous, and it is only at superior conjunction that 
her illuminated face is turned fully toward the earth. In 
traveling back to inferior conjunction the same phases recur, 
but in reverse order. The cycle of her phases is a synodic 
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period, but the dnration of the crescent is much shorter 
than that of the gibboas phase ; the time occnpied in pass- 
ing from inferior conjunction to the greatest western elon- 
gation is DO more than 71 days, wltile she occupies a period 
of S21 days in moving from this place to superior con- 
junction. 

The brilliancy of the planet depends upon her phase and 
also upon her distance from the earth, which varies very 
considerably. When at inferior conjunction lier distance 
from the earth is only 25 or 26 millions of miles ; at her 
great£st elongation this distance is about 66 millions of 
miles ; and at superior conjunction it is nearly IGO millions 
of miles. As her apparent diameter varies inversely as her 
distance from tbe earth, it is more than 6 times as great 
when nearest the earth as it is when she is fartliest removed. 
The relative sizes of her disk at different distances is shown 
in Fig. 89. 




Fig. 89. Phases of 



EXPLAidTiOH. F\g. 0) Kpresenie fbiee different pbases o! Venus, The flgnre 
oa the right reprMBnts her spparenl alzc end bcr phase Juki bi^fiM* or Jntt after 
Interior oonjunctlon ; the llBnre on the left showR her aiijurffiit "!ze and her 
phase at the lime of li«r lupertoi conjanctlon ; the middls Btnire hIiowb her ap- 
parent liai and her phase when she hi between her giesteat elongation and her 
niperlor eoiOiuictlon. 

The combined efFect of phase and distance gives tbe 
most brilliant surface, as was before stated, about 10 days 
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before the planet reaches her greatest western and about 
the same time after she has passed her greatest eastern 
elongation. 

Atmosphere. Telescopic Appearance. 

183. Venus is undoubtedly surrounded by a dense at- 
mosphere. Schroter noticed that the narrow crescent which 
the planet presented near the time of inferior conjunction 
extended considerably beyond its natural limit of 180'', a 
phenomenon which has since been witnessed by many other 
observers. At the time of inferior conjunction in 1866, 
Prof. Lyman, of Yale College, watched the planet from 
day to day until its nearest limb was only 1° 8' from the 
sun. The slender crescent became more and more extended 
beyond 180°, until at favorable moments it was seen as a 
complete ring of light surrounding the dark body of the 
planet. This prolongation of the cusps can only be ex- 
plained by supposing the solar rays to be refracted in pass- 
ing through the atmosphere of Venus ; the observations of 
Prof. Lyman indicate that the refraction of a horizontal ray 
is about 45'. From observations made at Dorpat in 1849, 
Madler concluded that the refraction of a horizontal ray was 
nearly 44', which is about one-third greater than that pro- 
duced by the earth's atmosphere. Observations made upon 
Venus while in transit across the sun's disk are equally 
indicative of an atmosphere. 

Prof. Newcomb, in giving an account of his observation 
on the last transit, before the Eoyal Astronomical Society, 
says : " There was but one physical phenomenon that was 
worthy of note, and that was so well marked that it could 
not escape any one ; it was a line of light that surrounded 
the dark hemisphere of Venus which was off the sun. I 
looked very carefully before first contact to see whether it 
was possible to see Venus projected upon the corona, but 
was unable to see any sign of the planet until it had actu- 
ally entered upon the sun's disk. When it was half way on, 
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it appeared as if a piece of the sun had heen sharply cut out 
with a knife ; and the line of light which has been described 
by so many observers, and which I had looked for in vain 
before, began to show itself ; but it was not continuous all 
around the planet ; on the contrary, it was only seen at 
certain points. As the internal contact approached, I found 
that the line of light slowly became brighter, and for some 
seconds before internal contact it was quite continuous, and 
was seen as a fine arc of light joining the cusps of the sun." 

Similar appearances were observed by many other astron- 
omers who watched the transit. It has been suggested that 
the atmosphere is at places loaded with clouds. Mr. Hug- 
gins several years ago found certain lines in the spectrum 
of Venus, which are attributable to watery vapor in her 
atmosphere; Prof. Young says that the same thing was 
very clearly indicated during the recent transit. 

When viewed with a telescope its light is so dazzling as 
to suggest the idea that the body of the planet is sur- 
rounded by white clouds, which reflect light far better than 
ordinary land and water. It is possible that this layer of 
clouds covers up and obscures the surface markings which 
some observers are said to have seen. It is probable, though 
not certain, that the planet revolves on an axis ; Schroter 
assigned a period of 23^ hours, but this determination is 
not universally accepted. 

Transits of Venus. 

184. The earth, in her annual revolution, crosses the 
line of nodes of the orbit of Venus about the 5th of June 
and the 7th of December ; and when it happens, as it does 
at long intervals, that Venus is in inferior conjunction at 
either of these times, the planet will pass directly between 
the earth and the sun ; this phenomenon is called a tran- 
sit of Venus. 

Because 243 sidereal years correspond to 395 sidereal 
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periods of Venus within less than one -third of a day, it fol- 
lows that a transit of Venus, which takes place very near 
either node, will recur at intervals of 243 years, and this 
for a long period. During this cycle of 243 years there are 
usually four transits, of which two happen at the ascending 
node in June, and two at the descending node in Decem- 
ber. The two that occur at either node are separated by 
an interval of 8 years ; from the last transit at one node to 
the first at the other is alternately 121^ and 105^ years. 

The transit which took place on the 8th of December, 
1874, was a recurrence of the transit of December 7, 1631 ; 
and that of December 6, 1882, was a recurrence of the tran- 
sit of December 4, 1639. The transit of June 5, 1761, 
will recur on the 8th of June, 2004, and that of June 3, 
1769, will recur on the 6th of June, 2012. These two 
transits will be the next that will happen till the year 2117. 
As already explained, the transits of Venus are utilized by 
astronomers to determine the solar parallax. The transit 
of 1874 was extensively observed, as was also that of 1882. 
The results of the numerous observations made in those 
years have not yet been fully discussed. 

Comparison of Mercury and Venus. 

185. The planets Mercury and Venus resemble each 
other in many respects. The apparent motions of both are 
very similar ; both move back and forth with a shuttle-like 
motion in regard to the sun, which body they, seem to fol- 
low in its general motion around the celestial sphere. 
Neither of them presents any decided marking, but the 
periods of rotation assigned to them by Schroter are very 
nearly equal. Both are supposed to be surrounded by layers 
of clouds floating in dense atmospheres. They resemble 
each other in their phases, in their arcs of retrogradation, 
and in their transits. Finally, they are the only planets 
that have no satellites. 
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Mabs. ^ . 
Magnitude, Periodic Time, and Distance. 

186. Mars, the fourth of the principal planets in order 
of distance from the sun, is next to the smallest in order of 
magnitude, Mercury alone being smaller. Like the earth, 
its form is that of an oblate spheroid ; its equatorial diameter 
is 4,220 miles, its polar diameter is 4,196 miles, and its 
mean diameter is 4,212 miles, the term mean diameter being 
used to denote the diameter of an equivalent sphere. 
Hence, its surface is considerably less than \ of the earth^s 
surface, and its volume is not far from \ of the earth's 
volume. 

He revolves around the sun in about 687 days, his mean 
distance from that body being 141 millions of miles. In 
consequence of the great excentricity of his orbit, he may 
approach to within 128 millions of miles of that body, and 
he may recede from it to a distance of 154 millions of miles. 

When in opposition his average distance from the earth 
is about 48 millions of miles; but if opposition happens 
when the planet is near perihelion, this distance may be- 
come as small as 35 millions of miles ; or if it occurs when 
the planet is near aphelion, this distance may become as 
great as 62 millions of miles. 

The mean distance of the planet from the earth at the 
time of conjunction is about 233 millions of miles, but this 
distance may be as small as 220 and as great as 246 millions 
of miles. Hence, the extreme range of the planet's distance 
from the earth is from 35 to 246 millions of miles. This 
change of distance makes the variation of his apparent 
diameter very great, and consequently produces a corres- 
ponding variation in the brightness of the planet When 
nearest the earth, the apparent diameter of the planet is 
more than 7 times as great as when it is farthest from the 
earth. 
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Synodic Period — Varying^ Brilliancy. 

187. The average value of the synodic period of Mars, 
counting from opposition to opposition, is a trifle less than 
780 days or nearly 26 months. Being a superior planet, it 
is at the middle of its arc of retrogradation at the time of 
opposition. The average value of this arc is about 15°, and 
the time required for the planet to move over it is about 70 
days ; hence, during each synodic period the planet retro- 
grades for 70 days, and its motion is direct for 710 days. 
The values above given are average values, and in conse- 
quence of the relative positions and shapes of the orbits of 
Mars aud the earth, they will experience considerable varia- 
tion at different periods. 

The brilliancy of the planet is gi'eatest when nearest to 
the earth, aud least when farthest from the earth. When 
in opposition he is always more brilliant than any star of 
the first magnitude, and under favorable circumstances he 
is nearly as bright as Jupiter. When near conjunction his 
brilliancy diminishes to that of a star of the second magni- 
tude. In all cases his light is of a decided red color, but 
his ruddy hue is most conspicuous when he is brightest. 

The earth crosses the line from the sun to the perihelion 
point of the orbit of Mars on the 27th of August in each 
year ; if the planet is in opposition at this time he will be 
at his least possible distance from the earth, and conse- 
quently in the most favorable position for observation. Of 
course this state of affairs can only occur at immensely long 
intervals ; but it frequently happens that opposition takes 
place within a few days of the 27th of August, and opposi- 
tions of this kind are utilized by astronomers for determin- 
ing the solar parallax, and for studying the physical char- 
acter of the planet. The opposition of 1877 took place 
about 9 days after Mars had passed his perihelion, and was 
regarded as a remarkably favorable one by astronomers ; a 
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similar opposition took place in 1862, and another will 
occur in 1892. 

Telescopic Appearances, Rotation, and Physical Condition. 

188. Under the telescope, Mars is seen to be covered with 
large and irregular patches of a dusky red color which are 
supposed to be islands and continents ; the remaining por- 
tions of his surface, which are of a faint greenish tint, are 
supposed to be seas and oceans. The outlines of these 
divisions are of a permanent character, but they are some- 
times obscured for a time and then reappear, as if the planet 
were surrounded by an atmosphere more or less loaded with 
clouds. The existence of such an atmosphere is well es- 
tablished, and we learn from the spectroscope that it con- 
tains watery vapor, and probably clouds like our own. 

From observations made on the spots it Jias been shown 
that Mars revolves on an axis in a period of 24h. 37m. 
22.73s. The planet has then his poles and an equator ; his 
equator is inclined to the plane of its orbit in an angle of 
about 27° ; hence, the planet has seasons somewhat similar 
to our own, except in length. The martial day is, as we 
have seen, a little longer than the terrestrial day, but the 
inequalities of day and night are similar to those experi- 
enced at different places on our earth. 

The martial year contains G68f martial days, equal to 
nearly 687 terrestrial days ; in consequence of the great ex- 
centricity of the planet's orbit, the lengths of his seasons 
are more unequal than on our earth, summer in the north- 
em hemisphere being 372 martial days and winter only 297 
days in length; this division of time refers to the periods 
that the sun is on the northern and on the southern side of 
the martial equator. 

The telescope reveals the existence of two white spots, 
one at each pole ; the northern spot is nearly concentric 
with the corresponding pole, but the southern one is 
excentrically situated with respect t^ \^ wyct^^Q\A\s^^ 
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pole. It has been supposed that these spots are due to 
masses of ice and snow, a supposition which seems to be 
confirmed by their alternate decrease and increase according 
as the corresponding pole is turned toward or away from 
the sun. 

It has been suggested by some observers that the objects 
described above as snow-spots are, at least in part, made up 
of clouds. Trouvelot, who has given a great deal of study 
to the subject, says "during the winter seasons of the 
southern hemisphere of Mars the polar spots are most of 
the time invisible, being covered over by white, opaque, 
cloud-like forms strongly reflecting light.^' In 1877 he 
" mistook fbr the polar spots a canopy of clouds which cov- 
ered at least one-fifth of the surface of the whole disk.'* He 
says, *^I only became aware of my error when the opaque 
cloud, beginning to dissolve at the approach of the martial 
summer, allowed the real polar spot to be seen through its 
vapors, as through a mist at first, and afterward with great 
distinctness.*' 

The telescope shows that Mars has phases, but not like 
those of Mercury and Venus. At opposition and at con- 
junction his illuminated face is turned toward the earth ; 
at intermediate periods he exhibits a gibbous phase corre- 
sponding to that of the moon two or three days before or 
after full moon. 

The surface of Mars has been charted, but the charts are 
of little value except to the professional astronomer ; the 
ordinary observer sees the outlines of oceans and continents 
only in perspective, and in consequence of the distortions 
produced in their apparent forms by the motions of the 
planet, he finds it almost impossible to recognize them at 
different times. 

Comparison of the Earth and Mars. 

189. We have already pointed out some analogies be- 
tween Mercury and Venus, but the Earth and Mars are 
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more strikingly alike. Both of these planets are surrounded 
by atmospheres containing clouds and watery vapor ; their 
surfaces are alike diversified with continents and oceans; 
both have seasons which are only dissimilar in regard 
to length ; both have days and nights of nearly equal 
lengths, and which have their corresponding inequalities ; 
both have regions of snow and ice around their poles, which 
alternately increase and decrease with the cycle of the sea- 
sons ; in a word, these two planets resemble each other more 
strongly than any other two in the system. 

Satellites of Mars. 

190. Mars has two satellites, both of which were discov- 
ered by Prof. Asaph Hall in August, 1877 ; the outer one 
was first seen on the 11th, and the inner one on the 17th 
of that month. Both are extremely minute bodies, proba- 
bly not more than 6 or 8 miles in diameter, and both are 
very close to the surface of the planet. The planes of their 
orbits are very nearly coincident with the plane of the 
planet's equator. 

The outer satellite, the one first discovered, and which 
has been named Deimos, revolves around Mars in about 
30h. 17m. ; the inner one, called Phobos, performs its re- 
volution in 7h. 39m. The distance of the former from the 
centre of the planet is 14,350 miles, and that of the latter is 
no more than 5,830 miles. 

The motions of the satellites as seen from Mars must pre- 
sent some curious phenomena ; in explaining them it will be 
found convenient to use martial time, that is, to count time 
in martial days, each of which is equal to 1.025 times a ter- 
restrial day. We readily find the periodic time of Deimos 
to be 1.231 days, or 29.55 martial hours, and that of Phobos 
to be .311 days^ or 7.46 martial hours. 

An observer on the equator of Mars is carried from west 
to east by the rotation of the planet at the rate of 360° in a 
day, bat the outer satellite is carried ea&twwa:d b^ \^ Qi\\^^^^ 
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revolution at the rate of only about 292 J° in a day; hence, to 
the supposed observer on the planet this satellite appears to 
move westward at the rate of 67^° a day, at which rate it 
would appear to make the circuit of the heavens in about 6^ 
days. Deimos therefore appears to an observer on Mars to 
rise in the east and to set in the west, the interval between 
two consecutive culminations over the meridian being 5| 
days. 

Phobos moves eastward in its orbit at the rate of more 
than 1154° per day, thus gaining on the supposed observer at 
the rate of more than 794° per day ; as a consequence, this 
satellite rises in the west and sets in the east, the interval 
between two successive transits over the same meridian 
being only .45 of a day, or 10.8 martial hours. 

In consequence of the enormous horizontal parallaxes of 
the satellites, their diurnal circles are very unequally divided 
by the horizon ; the upper arc in case of Deimos being 160°, 
and in case of Phobos less than 138°. 



Explanation. The figure 
shows the equatorial section of 
Mars seen from the north side, 
and the orbits of the satellites 
supposed to be in the same plane. 
EW is the horizon of the ob- 
server, E being the east point and 
W the west point. The angle 
OEM is nearly 8J% and OCM is 
nearly 21^" ; hence, the upper 
arc EBW is equal to 163% and 
the arc CAD to 137i% Deimos 
"**" — • ' — '' rises at B and sets at W, remain- 

Pig. 90. Showing the Apparent Motions ing above the horizon 2.413d., or 
of the SatelUtea of Mars. 57b. 52m. ; Phobos rises at C and 

sets at D, being above the horizon 
about 4h. tOm. Deimos remains below the horizon for 69 howrs^ and 
Phobos for 6h. 40m. 

As the synodic periods of the satellites dilEer but little from their 
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sidereal periods, Deimos will go through its entire cycle of phases in 
aboat 80 hours, and Phobos in less than 8 hours. 

The fact that Phobos revolves from west to east at a more rapid 
rate than the planet itself, would seem to be an argument against the 
nebular hypothesis as it is usually enunciated. That hypothesis 
requires that a body shall move more slowly as its distance from the 
centre of motion becomes greater. 



The Planetoids. O- 

General Description. 

191. Proceeding outward from the sun, we next meet 
with a group of small planets called Planetoids, or some- 
times Asteroids. The first of the group was discovered 
on the first day of* the present century, namely on January 
1, 1801, by Piazzi, a noted Italian astronomer ; a second one 
was discovered in 1802, a third in 1804, and a fourth in 
1807, after which no additional ones were found till 1845. 
Since that time new members have been rapidly added to 
the group, sometimes as many as 8 or 10 in a single year, 
until now (1883) their number amounts to more than 230. 

The first four were named in the order of their discovery 
Ceres, Pallas, Juno, and Vesta ; the remaining ones have 
also received proper names, but the difficulty of remember- 
ing them has led to the practice of numbering them, the 
numbers denoting the order of discovery; thus, the 226th 
planetoid discovered is denoted by the symbol @. 

Nearly all of the planetoids are telescopic, although Ceres 
and Vesta can be seen with the naked eye under favorable 
circumstances ; in point of brilliancy they run from the 7th 
down to the 10th and 11th magnitudes, and some are even 
fainter; their actual magnitudes have not been determined, 
though we know that they are very small ; some of the 
larger ones are thought to be from 300 to 400 miles in 
diameter, while some of the smaller ones are supposed to be 
no more than 30 or 40 miles in diameter. 
11 
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Their orbits, which are elliptical, have a wide range, both 
in regard to excentricity and in their inclinations to the 
plane of the ecliptic ; thus, the excentricity of @, discov- 
ered by Watson, is .38, while that of is no more than 
.03 ; the inclination of the orbit of 0, or Pallas, is 35°, 
while that of @, as well as that of several others, is less 
than 1°. Their mean distances from the sun vary from 
212 to 312 millions of miles, and their corresponding 
periods of revolution vary from 1195 to 2267 days. 

Some of the planetoids approach so near the earth at 
favorable oppositions that they are observed, like Mars, for 
the purpose of determining the solar parallax. Though at 
a greater distance from the earth, they present the advan- 
tage of appearing as shining points of moderate brilliancy, 
instead of showing dazzling disks like that of Mars. Ob- 
servations were made upon Flora, 0, in 1874, in both 
hemispheres, from which the value 8". 875 was deduced for 
the solar parallax. At the time of making these observa- 
tions the distance of the planet from the earth was about 
80 millions of miles. Some of the other planetoids are 
nearer to the earth than this at the time of favorable oppo- 
sition; thus, 0, when nearest the earth, is less than 60 
millions of miles distant. 



Jupiter. 21. 

Magnitude and Form. 

192. Jupiter, the fifth principal planet in order of dis- 
tance from the sun, has been called the giant planet of the 
system ; it is greater, both in volume and in mass, than the 
aggregate of all the other planets together. 

Its form is that of an oblate spheroid, considerably com- 
pressed at the poles ; its equatorial diameter is 87,770 miles, 
and its polar diameter is 82,570 miles ; its mean diameter is 
therefore equal to nearly 86,000 miles, which is about ^ of 



PLANETS AND SATELLITES. 243 

the diameter of the sun, and nearly 11 times that of the 
earth. His bulk is equal to more than 1280 such worlds as 
ours ; his density, however, is so much less than that of the 
earth, that his mass is only 312 times as great. He is al- 
ways a conspicuous body in the heavens, and though he is 
occasionally less bright than Venus, he is on the average 
the most brilliant of all the planets. 

Periodic Time, and Synodic Period. 

193. Jupiter revolves around the sun in about 11.86 of 
our years ; his s}Tiodic period is therefore a little less than 
399 days. During this period his motion is retrograde for 
about 120 days, and direct for about 279 days. His arc of 
retrogradation is a little less than 10°, the planet being at 
the middle of this arc when he is in opposition. 

Distance from the Sun and from the Earth. 

194. The mean distance of Jupiter from the sun is 480 
millions of miles, but on account of the excentricity of his 
orbit he may approach to within 457 millions of miles of 
that body, and may recede from it to a distance of 503 mil- 
lions of miles. 

His distance from the earth is a minimum at opposition 
and at a maximum at conjunction. These distances vary 
from one opposition to another and from one conjunction 
to another, being dependent upon the positions of both 
planets in their respective orbits. The least minimum dis- 
tance is 363 millions of miles, and the greatest minimum 
distance is 412 millions of miles ; the maximum distances 
vary from 542 to 597 millions of miles. The entire range 
in the planet's distance from the earth is from 363 to 597 
millions of miles, a range which is sufficient to produce a 
very perceptible change in his apparent brilliancy. Under 
every circumstance his appearance is considerably brighter 
than that of any star of the first magnitude. 
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Telescopic Appearance, and Time of Rotation. 

195. The moat Btriking feature presented by the plaoet, 
when viewed with a good telescope, is a system of streaks or 
belts which cross his disk in nearly parallel zones. The 
equatorial zoue is usually occupied by a lights-colored belt, 
from 36° to 30° in breadth, which is bordered by two nar- 
rower, dark-colored bands, one in the northern and the 
other in the southern hemisphere of the planet. Outsidi; 
of these belts, both toward the north and the south, we 
find an alternating succession .of light and dark stripes, as 
shown in Fig. 91, which is 
taken from a drawing by 
Trouvelot. 

The dark belts, which 
seem to be composed of 
dense masses of clouds, are 
very irregular in outline, 
and are subject to frequent 
changes both in form and 
in position. The spaces in- 
tervenine between the light 

Fig. 91. Telescopic View of Japlter. ..,,,.■ 

and the dark stnpea are usa- 
ally of a whitish color, but they are often tinged with a 
rose-colored or pinkish hue. 

The contrast between the darker and lighter spaces is 
most strongly marked in the central portions of the disk, 
gradually fading away as we approach the apparent boun- 
daiy of the planet. In the polar regions the belts become 
indistinguishable, and the surface of the planet takes on a 
uniform grayish tint. 

These appearances have been accounted for by Bupposing 
Japiter to be enveloped by a dense atmosphere ; the rays 
coming from the neighborhood of the apparent edge of the 
planet wonld have to pass through a greater extent of at- 
mosphere than those from the central regions of tb« Tisible 
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hemisphere, and would consequently experience a greater 
amount of absorption. It is also possible that the disap- 
pearance of the belts as we approach the polar regions may 
be due in part to perspective ; being seen more obliquely, 
the darker stripes would overlap each other, and thus 
obscure the lighter ones. 

Under favorable telescopic conditions the light-colored 
bands appear slightly mottled, as though covered by a layer 
of shining clouds floating in the planefs atmosphere. 

Other Telescopic Phenomena. 

196. Besides the belts and stripes already described, 
other markings on the surface of the planet are occasionally 
seen. Of these, the most remarkable ones are the white 
and the colored spots, which have recently attracted the 
attention of astronomers. 

The most curious phenomenon of this kind was the 
great red spot which is now just passing away. It made 
its appearance in the southern hemisphere of Jupiter in 
1878, and with occasional disappearances it continued 
visible up to the beginning of 1883. It was carefully ob- 
served by Pritchett, as well as by many other astronomers. 
It was so prominent and its color was so decided that it 
could usually be distinguished even with a small telescope. 

In 1880, its shape was nearly elliptical ; its length, ac- 
cording to Trouvelot, was about 8,000 miles, and its great- 
est breadth was more than 2,000 miles. Its color was of a 
brilliant rosy red, altogether different from the pinkish tint 
that is often seen along the dividing lines of the cloud belts, 
to which reference has already been made. No satisfactory 
explanation of the cause of the spot has been offered. 

Axial Rotation. 

197. Observation shows that Jupiter revolves on an axis 
which is nearly perpendicular to the plane of the ecliptic 
in about 9 hours 55^ minutes. 
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Certain phenomena connected with the motion of the 
spots referred to in the last article have led some astrono- 
mers to think that the angular velocity of rotation dimin- 
ishes slightly in passing from the equator towards the poles. 
This diminution, if it really exists, would seem to indicate 
a resemblance to the sun, in which body the rapidity of 
rotation diminishes pretty fast in passing from the equator 
toward the poles. The rapid changes that take place in 
the appearances of the belts and spots indicate the existence 
of forces which can hardly be accounted for, except on the 
supposition that Jupiter's surface is in a semi-molten con- 
dition, at least in his equatorial regions. 

In consequence of the planet's great angular velocity of 
rotation and of his enormous diameter, the actual velocity 
of a point at his equator amounts to more than 27,500 
miles, which is about 27 times as great as that of a point on 
the earth's equator. The resulting centrifugal force is 
therefore suflBciently great to account for the enormous 
compression of the planet. 

Another consequence of the rapid rotation of Jupiter on 
his axis is to make the days and nights on the planet very 
short; the sun is above the horizon for less than 5 hours 
and below it for an equal time. We have no data for de- 
termining the relative changes in these periods due to 
refraction, but there is good reason to believe that there is 
a very dense atmosphere surrounding the planet, and if so 
there must be a considerable increment in the length of the 
day at the expense of the night; the length of twilight on 
the planet must also be so great as to exercise a perceptible 
influence on the relative amounts of daylight and darkness 
at any given point. 

The equator of Jupiter is but slightly inclined to the 
plane of the ecliptic, and as a consequence there is but little 
variation of the seasons ; probably the change is impercep- 
tible at any given place. The days and nights are there- 
fore nearly equal at all seasons of the Jovian year. 
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On account of the shortness of the days and the length 
of the year, as compared with those of the earth, the Jovian 
year contains abont 10,477 Jovian days. 

Satellites oT Jupiter. 

198. Jupiter in his journey around the sun is accom- 
panied by 4 satellites, which revolve about him in orbits 
that are nearly circular. Their motions conform to Kep- 
ler's laws; that is, their orbits, are ellipses having one 
focuS at the centre of the planet, their radii-vectores de- 
scribe areas which are proportional to the times of descrip- 
tion, and the squares of their times of revolution are pro- 
portional to the cubes of their mean distances from the 
central body. The planes of their orbits are nearly coinci- 
dent with that of the planet, and are consequently but 
little inclined to the ecliptic; they therefore appear to 
move back and forth in straight lines, being seen first on 
one side of Jupiter and then on the other, and never at a 
Tery great distance from him. 




Fig. 9S. Jnpller 



Being at different distances from the planet, their greatest 
elongations aa well as their apparent times of oscillation 
are different from each other ; sometimes they are seen 
lying in a line parallel to the ecliptic, some on one side and 
some on the other ; sometimes they are all on one side of 
the planet; and not pntrequently one or mot^ disK^^eax 
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for reasons yet to be explained. Fig. 92 shows the pknet 
and its satellites, three on one side and one on the other. 

A satellite may disappear by passing into the shadow of 
Jupiter, in which case it is said to be eclipsed; or it may 
disappear by passing behind the body of the planet, in which 
case it is said to be occulted ; or it may disappear, except 
to a good telescope, by passing between the observer and 
the disk of the planet, in which case it is projected upon 
the planet, and its light is confounded with that of the 
planet itself. In the last case, the satellite may be dis- 
tinguished by means of a good telescope, especially if it 
passes over the darker portions of the surface. 

The eclipses of Jupiter's satellites are utilized for deter- 
mining longitudes ; it was also from a discussion of the 
eclipses of these bodies that it was first shown that the 
motion of light is ])rogressive and not instantaneous. 

The satellites, though having proper names, are usually 
denoted by the Roman numerals, according to their respec- 
tive distances from Jupiter. The mean distances of the 
satellites from Jupiter, their periodic times, and their 
diameters, are shown in the following 

TABLE. 



Number. 


Name. 


Distance from 
Jupiter in miles. 


Periodic time. 


Diameter 
in milei*. 


I 


lo, 


260,000 

414,000 

661,000 

1.162,000 


Id. 18h. 28m. 

8d. 13h. 15m. 

7d. 3h. 43m. 

16d. 16h. 32m. 


2,352 
2,099 
3,436 
2,929 


II 

, III... 
IV 

1 ._-. 


Europa 

Ganymede. . . 
Callisto 



It will be seen from the table that the second satellite is 

about the size of our moon, and that the fourth satellite is 

about as large as Mercury, the third one being larger. All 

the satellites are easily seen wiftv a. ^.^Xe^e^o^^ ^\ «v£kaJ\\fiAJ^ 

nifying power, and were it not ioY t^e ^^t.tX\^^ \st^\'a.^^^ 
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of Jupiter they migHt even be seen with the naked eye. In 
the more powerful telescopes their surfaces beai* traces of 
permanent markings ; from certain changes in their bright- 
ness it has been conjectured that they rotate on their axes 
in the same time that they revolve around Jupiter. 

Eclipses of Jupiter's Satellites. 

199. The eclipses of Jupiter's satellites are analogous to 
eclipses of our moon, but for various reasons they are of 
much more frequent occurrence. On account of the su- 
perior size of the planet and its greater distance from the 
sun his shadow is vastly larger than that of the earth ; fur- 
thermore the dimensions of the satellites are very small in 
comparison with the diameters of the shadow where they 
traverse it; and finally the satellites move iu orbits which 
are but little inclined to that of the planet. Hence, it hap- 
pens that the three inner satellites are eclipsed at every 
synodic revolution ; the outer one is generally eclipsed at 
each synodic revolution, but occasionally it passes either 
above or below the umbra, and so escapes eclipse. 

Taking all the satellites into account, there is an average 
of about 30 eclipses a month, but only a part of them are 
visible from the earth ; at the time of Jupiter's conjunction 
with the sun, the planet and his satellites are invisible 
on account of the dazzling glare of the solar rays, and 
at the time of his opposition the shadow is turned directly 
away from the earth, and for a considerable time both 
before and after opposition the eclipses are rendered invisi- 
ble by the glare of the planet. The eclipses are seen to 
best advantage when the sun and Jupiter are in, or near, 
quadrature. 

It may happen that two or even three of the satellites are 
eclipsed at the same time, but they cannot all be echpsed 
at once, on account of the c\ir\o\ia Te\^\xoxk& ^OwaJ^ <5xn5^ 
between the motions of the three mneT o\iei^. ^^^ V^^" 
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centric motions of the first three satellites, that is, their 
motions as seen from the centre of Jupiter are subject 
to the following laws : 

1\ The mean sidereal motion of the first added 
to twice that of the third is equal to three times 
that of the second, 

2\ The m^ean longitude of the first, plus twice 
that of the third, m^inus three times that of the 
second, is equal to ISO''. 

If the second and third satellites are eclipsed at the same 
time, the first one must, in accordance with the second law, 
lie between the planet and the sun ; or, if the second and 
third lie between Jupiter and the sun, the first will be in the 
shadow of the planet. 

At long intervals it happens that all the satellites are all 
invisible at the same time, some being eclipsed and the 
others being in transit across the body of the planet. This 
phenemenon was witnessed by Dawes in 1843, and by Sir 
W. Herschel in 1802 ; it was again observed in 1868. The 
observations of Dawes show that all the satellites were 
invisible in 1843, for a period of 35 minutes. 

When a satellite passes between Jupiter and the sun it 
casts a shadow upon the planet which may be seen travers- 
ing the disk as a round, or oval, black spot ; to an observer 
placed anywhere along the path thus traversed the sun 
would be totally eclipsed. 

Use in Determining^ Longitudes. 

200. An eclipse of one of Jupiter's satellites is a phe- 
nomenon which is visible at the same instant in every place 
which has the planet above the horizon ; hence, if two ob- 
servers note the local times of its occurrence at their respec- 
tive places of observation, the difference of these times will 
be the difference of longitude of the two places. 
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The Greenwich times of all the eclipses of the satellites 
that are visible during the year at any place on the earth 
are computed and laid down in the Nautical Almanac for 
the use of observers. Hence, an observer has only to find 
his local time at the instant of the occurrence of one of 
tliese eclipses, to be able to get his longitude either east or 
west from Greenwich. 

The principal difficulty in applying this method is to de- 
termine the exact instant of the eclipse. The phenomenon 
is not instantaneous ; for, the satellite having an ap})recia- 
ble magnitude, requires a certain length of time to enter 
the shadow after its advancing limb reaches the umbra, 
and an equal length of time to emerge from the shadow. 
During the former period the light of the satellite is gradu- 
ally growing dim, and the exact time of its disappearance 
will depend upon the character of the telescope used, and 
upon the clearness of the atmosphere at the time of observa- 
tion. A similar difficulty attends the exact determination of 
the time of emergence. Chauvenet says that the error may 
amount, in extreme cases, to a minute of time. If both 
immersion and emersion are observed, which is only possi- 
ble when the planet is at some distance from conjunction 
and opposition, the two errors counteract each other, and 
by combining the results, a fairly approximate Aalue of the 
longitude may be found. It is to be observed that a more 
accurate value for the longitude of a place may be found in 
most cases by the method of lunar distances. 

Velocity of Lig^ht. 

201. The progressive motion of light was first shown by 
Eomer, a Danish astronomer, in 1675. In comparing the 
observed with the computed times of the eclipses of Ju pi tele's 
satellites, he found that they did not correspond ; when 
Jupiter was nearest the earth the observed times were earlier, 
and when he was farthest from the earth the^ \?^t^ lai^x 
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than the computed times. He therefore concluded that the 
motion of light was progressive, and not instantaneonSy as 
had been previously supposed. 

A discussion of a great number of observations led him 
to the conclusion that the time required for light to travel 
from the sun to the earth is about 8m. 13.3s. If we accept 
the mean distance of the earth from the sun to be 92^ mil- 
lions of miles, Eomer's determination would indicate that 
light travels at the rate 187,500 miles per second, which is 
fairly in accord with the most recent determination of the 
velocity of light ; this, according to Michelson, is 186,31)0 
miles per second. 

Saturn, h 

Periods. Distances. 

202. Saturn is the fifth planet in order of distance from 
the sun and the next to the largest in order of magnitude. 
He revolves around the sun in a little less than 29|^ years, 
his mean distance from that body being about 881 millions 
of miles. 

His synodic period is about 378 days ; hence, he is in op- 
position once in 54 weeks. At opposition he is in the mid- 
dle of his arc of retrogradation, which- averages about 6° 48', 
and which is passed over in about 137 days. He begins to 
move westward among the stars a little less than 10 weeks 
before opposition, and continues his westward motion for 
an equal time after opposition. In 1883 his opposition 
period is Deceniber 9th, and in 1884 it is December 22d ; 
by the addition of 13 days per year we can find the ap- 
proximate time of opposition for many years. 

The excentricity of Saturn's orbit is .056, and conse- 
quently the planet, when in aphelion, is a little more than 
930 millions of miles ixom t\\e awti, «ixA^\vci!L\TL^'t^i5iVc<Y0L 
it 18 a little less than 832 mWVioM ol mA^^ lTQm\>Mk\.\i^'^. 
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The distance of Satom from the earth may vary from 738 
to 1024 millions of miles. 

Magnitude and Form. Axial Rotation. 

203. ITie form of Saturn is that of an oblate spheroid, or 
flattened sphere ; its compression is greater than that of 
Jupiter. His greatest, or equatorial, diameter is about 
72,980 miles, and his least, or polar, diameter is 65,580 
miles ; hence, his mean diameter is about 70,3G6 miles, and 
his Tolume a little more than 700 times that of our earth. 
Notwithstanding his enormous volume, his mass is only 93 
times that of the earth ; hence, his density is considerably 
less than that of water. 

He rotates on an axis once in lOh. 14m., the plane of the 
planet's equator being inclined to that of the ecliptic in an 
angle of ^bout 28°, and to the plane of the planet's orbit 
by about 26° 49'. Hence, the planet has a succession of 
seasons similar in point of order to our own, but each season 
is nearly 30 times as long as with us. 

Physical Condition. 

204. On account of the great distance of Saturn from 
the earth, it is very difficult to learn much as to its physical 
condition. It is observed to be surrounded by belts similar 
to those of Jupiter, and these belts arc found to be parallel 
to the planet's equator ; when the position is such that their 
planes pass through the eye, which happens twice in 29^^ 
years, they appear to be straight, but at other times they 
appear, from the principles of perspective, to be elliptical. 

It has been inferred from the varying appearances of the 
belts that the planet has a dense atmosphere loaded with 
clouds. The very small specific gravity, or density, of the 
planet has led many astronomers to believe tli«^t t\\^ Tcva.\X«t 
oi which it is composed is intensely Yieate^, \i\3^* \iQ\. ^x^Sl-- 
cdentijrao to render it self-lumiuoT^s, 
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The color of the lighter zones of Saturn is of a dull yel- 
lowish hue, the darker bands being gray. As in the case of 
Jupiter, the markings are more distinctly seen in the central 
portion of the disk than at the limb of the planet ; the belts 
entirely disappear in the neighborhood of the poles. 

Rings of Saturn. 

205. The telescope shows us that Saturn is surrounded 
by a broad flat ring, or rather sydem of rings, whose plane 
is nearly coincident with the plane of his equator. 

This ring, for it will often be convenient to speak of the 
system as a single ring, was first seen by Galileo, but on 
account of the imperfection of his telescope he mistook its 
character. As early as 1610 he announced that Saturn was 
composed of three bodies that almost touched each other. 
Other astronomers described the planet as having ansae, or 
handles. 

It was not till 1G56 tiiat Huyghens discovered the real 
nature of the appendage, which he fully described three 
years later. Since the time of Huyghens the character of 
the ring has been carefully studied, and its dimensions and 
divisions have been measured. 

What we have called the ring is in reality made up of 
three concentric rings which lie very nearly in the same 
plane, and which are separated by intervening spaces, unless 
indeed the inner one should prove to be, as astronomers are 
now inclined to believe, an extension of the second or 
middle one. The two outer rings are bright, like the planet, 
but the inner one is obscure or dark, presenting an appear- 
ance that has been compared to a ring of crape. 

This dark ring, which is only visible in a good telescope, 
was first seen by Bond of Cambridge in 1850, and was dis- 
covered independently by Dawes of England only a few 
days later. For convenience of reference, the outer bright 
ring 'is called A, the inner \)T\g\it xm^ ^, ^xi^ ^^ ^'^^ 
ring C. 
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The diameter of the ring system is enormously greater 
than its tbicknesB. In ronnd numbers, the greatest diameter 
of the outer ring is about 170,000 milea, and tlie breadth of 
the entire system is nearly 38,000 miles; the thickness of 
the ringa is Tarionaly estimated from 40 miles up to 250 
miles ; It is probable that the true thickness lies some- 
where between these limits. The relative dimensions of the 
rings in comparison with the equatorial section of the planet 
is shown in Fig. 93. 

DEBCRiPTtOH. — The figace 
sliowH the rings and eqafttonal 
aectlon of Saturn in their rein 
live dimensionB. Tlie ring A 
whose ODter diameter m 168 590 
miles, has a breadth of more than 
10,000 miles, and is probablj 
divided into two by a narrow 
line of aeparation. The nng B 
ia separated fmm the ring V hy 
an interval of 1,700 miles its 
outer diameter is aboat 14S T^O 
mites, and its breadth is neariy 
16,000 miles. The ring C is a 
contiDoation of B, its interior ' 
diameter being about 93,000 

miles, and Its breadth about 8,600 miles. The interval separating tbe 
inner edge of the dnskj ring and tbe surfiice of the planet Is between 
0,000 and 10,000 miles. 

The rings rotate about an axis which ia sensibly coinci- 
dent with the axis of the planet, and in a period which is 
but little greater than that of the planet's rotation period. 
They accompany the planet in bis journey around the sun, 
their plane always remaining parallel to itself. 

This plane intersects tbe ecliptic in two points, which are 
called the nodes of the ring. Tbe heliocentric longi- 
tudes of the nodes are respectively ICi'i^'' a.'ft'i- ^!^"V ■, Vlft^i 
former is called the ascending node, \jep«,w«e "v^ ^s '^^ 
piaoe of the planet where the sun appeata t« a.«iet\& Vtoro.Wi.^ 
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southern to the northern face of the ring; and the latter is 
called the descending node, because it is the place of the 
planet where the sun appears to descend from the northern 
to the southern face of the ring. 

When the planet is exactly at either of the nodes^ the 
plane of the ring passes through the sun, and is only illumi- 
nated on its edge ; at these times the ring is invisible except 
in the most powerful telescopes. Whilst the planet is pass- 
ing from the ascending to the descending node, the sun 
shines continually on the north face of the ring, and 
whilst he is passing from the descending to the ascending 
node, the sun shines continually on the south face of the 
ring. 

The motions and aspects of the ring, as se6n from the 
sun, are similar to those of our equator seen from the same 
point of view. The aspect of the ring from the time it 
passes its ascending node till it reaches the descending node 
is similar to that of our earth's equator whilst passing from 
the vernal to the autumnal equinox ; the aspect of the ring 
whilst passing back to the ascending node is similar to that 
of the equator in passing from the autumnal to the vernal 
equinox. It is to be borne in mind that the celestial pole of 

the plane of Saturn's ring is 
only 7^ from the north pole 
of the heavens, a fact which 
renders the similarity of as- 
pect the more striking. 

Explanation.— A is the perihelion 
and B i» the aphelion point of Satom's 
orbit ; N' is the place of the ascending 
and B is the place of the descending node 
of the rine. 

the^Rhi^ »i««'«^i'^K t^« Motion of The motions and aspects of 

the rings will be understood 
after a careful study of Fig. 94, which represents the pro- 
jection of the orbit of Saturn on the plane of the ecliptic, 
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the direction of the vernal equinox being indicated by the 
dotted line below N'S. 

When the ring ie at N or N', its plane passes through the 
snn, and its inclination is such that it passes above D and 
below C. In moTiog irora N to N', in the direction indi- 
cated by the arrow, the sun shines obliquely on the north 
face of the ring ; in moving from W to N, the snn shioes 
on the south face of the ring. 

Phases of the Ring. 
206. The orbit of the earth is so small, in comparison 
with that of Saturn, that the direction of the planet as seen 
from the earth is always nearly the same as it wonld be if 
seen from the snn ; hence, in a general descriptiou of the 
phases, or different appearances presented by the ring 
during a sidereal revolution, we may suppose the observer 
to be at the Ban. 




FiK. IB. tMarv «ud blB Kioge. 



Commencing at N, Fig. 94, the ring is seen edgewise, and 
in a suitable telescope it has the appearance of a bright 
straight line inclined to the direction of the planet's motion 
in an angle of about 36°. As the planet moves on toward 
D, the ring, being seen obliquely, has the form of an ellipse, 
which is very much elongated at first, widening out gradu- 
ally until it reaches D, 90° distant itom "S ■, 'ui. 'Coca "josia'sa. 
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the minor axis becomes nearly, bat not quite, one-half aa 
great ae the major axis. In this position the northem face 
of the ring and also the northem hemisphere of the planet 
are seen to best advantage. Thie phase is seen in Fig. 95. 
As the ring moves on toward X', the apparent breadth of 
tbe ring begins to diminish and continaes diminishing till 
the planet reaches N', 180° from N, when it again presents 
itself edgewise, and in a suitable telescope is seen as a 
straight line. 




After the planet has passed N' the ring is again seen ns 
an elongated ellipse, which grows broader continually till it 
comes to C, 270° from N. At this point the phase is simi- 
lar to that at D, except that we now have the best view of 
the sonthem face of tbe ring and of the southern hemi- 
sphere of tbe planet. 

In returning to N, the elliptical form of the ring con- 
tinues to grow narrower, and tbe ellipse becomes more and 
more elongated till the planet reaches N, when tbe ring 
phase again becomes a strvght line. 
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The phases for a complete revolution of Saturn are shown 
in Fig. 96. 

The length of an entire cycle of phases is equal to the 
periodic time of Satura, or to nearly 29.46 years. The line 
of the ring's nodes, NN', divides the orbit of the planet into 
two unequal parts, and because "the areas are proportional 
to the times," the corresponding times are different. The 
time required for the planet to move from the ring's ascend- 
ing to its descending node is about 15. 75 years, and the 
time required for him to pass from the descending to the 
ascending node is about 13.71 years. Hence, the sun shines 
continuously on the northern face of the ring for 15| years, 
and then on the southern face for nearly 133 y^a.rs. 

The last passage of the planet through the ascending' 
node of the ring took place on the 18th of May, 1862, and 
his last passage through the descending node was on the 
14th of February, 1878; the planet will return to the 
ascending node on the 29th of October, 1891. The south- 
em face of the ring will be most favorably seen in 1885. 

Disappearance of the Ring. 

207. In the last article the observer was supposed to be 
at the sun ; the phenomena there described are somewhat 
modified by the fact that we see them from the earth, and 
this is more especially the case during the time that the 
plane of the ring intersects the earth's orbit. 

This plane, which is parallel to the line of nodes of the 
ring, occupies nearly a year in sweeping across the orbit of 
the earth, and in that interval the ring may be so situated 
as to pass between the earth and the sun more than once, 
in which case the ring will disappear because its illuminated 
face is turned away from us. 

The number of disappearances and the duration of each 
will depend on the position of the earth when the plane of 
the advancing ring strikes her orbit, T\i^ TiSb\.\xx^ ell \^(^»f^ 
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disappearaaccs and their manner of occurrence will be un- 
derstood from the following description of the disappear- 
ances that took place about the time of the last passage of 
the planet through the ascending node of the ring in 1862. 




_4d^ 



a' 
N 



Fig. 97. Disappearance of Binge. 



Explanation. In Fig. 97, AB is the earth's orbit ; CD, the projection of a part 
of tlie orbit of Saturn on the plane of the ecliptic ; N is the ascending node of tbe 
ring ; NS, the intersection of the plane of the ring with the ecliptic ; and the paral- 
lel lines are different positions of this line. The plane of the rings is inclined so as 
to pass above B and below A ; the observer is supposed to be looking on the north 
£Eice of the ring. 



At the time the plane of the ring struck the earth's orbit 
at A, the earth was moving toward a ; on the 23d of No- 
vember, 1861, the earth met the plane of the advancing ring 
at a, passed through it from the south to the north side, 
and the ring disap])eared ; the sun continued to shine on 
the southern side, and the earth remained on the northern 
side till February 1, 1862, when the earth overtook the 
plane of the ring at h, passed through it from the .north to 
the south side, and the ring reappeared. It was invisible 
for 70 days. 

The sun and the earth tlien remained on the south side 
of the ring, and the ring continued visible till May 18, 
1862, at which time the earth was at c and Saturn at N ; 
at this time the plane of the ring passed through the sun, 
and then the northern face began to be illuminated, the 
earth being on the southern side, and the ring again disap- 
peared ; the plane of the ring continued to lie between the 
earth and the sun till August 13, 1862, when the earth met 
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it at d, passed through it from the south to the north side, 
and the ring again reappeared. At this disappearance it 
was invisible for 87 days. 

The earth and the sun being now on the same side of the 
plane of the ring, no further disappearance took place till 
the next passage of the plane of the ring across the earth's 
orbit, which happened in 1877-8. 

Every time that the plane of the ring sweeps across the 
earth's orbit there must be at least one disappearance in 
consequence of the plane of the ring passing l)etween the 
earth and the sun, and there may be as many as three such 
disappearances. When a disappearance arises from the 
cause just mentioned the ring may remain invisible for 
several months ; when it is at the node, in consequence of 
the passage of its plane through the sun, it only remains 
invisible for a short time. 

Physical Character of the Rings. 

208. That the rings A and B are opaque bodies is shown 
by the fact that they cast shadows on the body of the planet. 

The ring C is partially transparent, for the outline of the 
planet can be seen through it. 

The old idea that the rings are solid bodies has long since 
been abandoned, it having been demonstrated that such a 
supposition is incompatible with the laws of mechanics; 
furthermore, the idea of a solid ring is incapable of being 
reconciled with the changes that have been observed in the 
rings, that is, changes of form, indicated by the variations 
of the shadings and other markings that are sometimes 
noticed. 

For a time it was thought by some astronomers that the 
rings were fluid ; but this theory was shown to be erroneous 
by Maxwell in his prize essay written in 1857. He showed 
that the only tenable hypothesis in regard to their consti- 
tution is that they are made up of myriads of independent 
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bodies revolving around the planet like so many satellites 
and subjeety like other satellites, to multitudinous pertur- 
bations. These revolving satellites are so small as to be in- 
visible in the most powerful telescope, and so numerous as 
to give the impression of a continuous body. According to 
this view, we may regard the ring C as composed of satel- 
lites more widely separated than in the other rings, and 
possibly less capable of reflecting light. 

Eecent observations on the form of the shadow which the 
ball of the planet casts on the surface of the rings have led 
some astronomers to believe that the rings are not of uni- 
form thickness ; that is, that their faces are not parallel 
planes. Trouvelot, who has devoted a great deal of study 
to the subject, is of the opinion that the ring A is of uni- 
form thickness, and that the ring B is thickest at its outer 
limit, growing thinner toward the sun ; it is highly prob- 
able that the same law of diminution holds good with regard 
to the ring C. 

The brightest part of the entire ring system is the outer 
zone of the ring B; in approaching the sun the brilliancy 
slowly diminishes to its inner zone. The ring A is less 
brilliant than the ring B, and, as we have already seen, the 
ring C is far less brilliant than either. 

Satellites of Saturn. 

209. Saturn has 8 satellites, 7 of which revolve around 
him in orbits that are nearly coincident with the plane of 
his rings, and consequently with the plane of his equator ; 
the orbit of the other one is inclined to the plane of the rings 
in an angle of about 10°. Five of them were discovered 
in the 17th century, two in the 18th century, and the other 
one, the seventh in order of distance from Saturn, was not 
known till 1848, when it was discovered by Bond of Cam- 
bridge, and independently by Lassell of England. 

The satellites of Saturn are subject to eclipse, but in con- 
sequence of the great inclinations of their orbits to the 
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plane of the ecliptic, their eclipses are of less freqaent oc- 
currence than those of Jupiter. When the ring is seen 
edgewise, the first 7 appear to move back and forth with a 
shuttle-like motion, and have sometimes been seen moving 
along the bright line of the ring like beads on a string. 
When the ring is sReii obliquely the satellites appear to be 
scattered as shown in Fig. 98, 




. Satnm (ud hie SilelUteB. 



The names, distances from Saturn, and diameters of the 
satellites, so far as known, are given in the foUowiug table 
taken fi'om Chambers' Astronomy. 



Number. 


N«me. 


DIbUDM rrom 
SatDrD In 
■oUee. 


dlkmeleT Id 
diUm. 

1.000 

1 

500 

500 
1,200 

T 

1,800 


8ld«n»1 

Period In 

dwi. 


I 

II 

HI.... 

IV 

V 

VI 

VII.... 
VIII... 




120,800 
165.015 
191,248 
345,876 
848.414 
796,157 
1,006,056 
3,818.880 


0.94 




TethjB 

mone 


1.88 ! 
2.78 1 






Titon 

Hyperion 


15.94 
21.29 
79.88 







CompariBon of Jupiter and Saturn. 

210. The planets Jupiter and Saturn resemble each 
other in many respects. Both are lai^ planeta with very 
small densities, the former being the largegt and tH« \ft&^t 
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the next largest of all the planets ; they both revolve on 
their axes in very short periods of time, about 10 hours, and 
both are very much flattened at the poles ; both have dense 
atmospheres loaded with enormous clouds, which are thrown 
into belts by currents parallel, or nearly so, to their equa- 
tors ; and it has been suspected that both are, by virtue of 
internal heat, at a temperature bordering on incandescence. 

Ubakus, ^i', or S . 

Discovery, Distances, and Periods. 

211. The planets heretofore described have been known 
from the most ancient times. Uranus, which is the seventh 
planet in order of distance from the sun and the fourth in 
order of magnitude, was not known till 1781, when it was 
discovered by Sir William Herschel, whilst examining some 
small stars in the Constellation Gemini. 

He at first supposed that it was a comet, and in a paper 
presented to the Royal Society he described it as such. 
After considerable discussion it was found to be a planet, 
and was named by its discoverer the Oeorginm Sidus, in 
honor of his royal patron George III. Lalande suggested 
the name Herschel, which was afterward changed, at the 
suggestion of Bode, to Uranus, by which name it is now 
universally recognized. The symbol ^, which was adopted 
to designate the planet, was simply the initial letter of Her- 
scheFs name, with a planet suspended from the cross-bar; 
but this symbol is passing out of use, being replaced by 
the less expressive sign $ . 

Uranus revolves around the sun in 40,687 days, or a little 
more than 84 years, its mean distance from that body being 
about 1,771,000,000 of miles. The excentricity of its orbit is 
a trifle less than that of the orbit of Jupiter, in consequence 
of which the planet approaches to within 1,689,000,000 
miles of the sun, and recedes from that body to a distance 
1,853,000,000 of miles. Its changes of distance, both from 
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the earth and from the snn^ though enormous in them- 
selyes, are so small in comparison with the planet's mean 
distance from either, that they can have but little effect on 
the visibility of the planet, or on its relative supply of light 
and heat. Its synodic period is no more than 370 days. 

Magnitude, Rotation, and Physical Condition. 

212. The diameter of Uranus is about 31,700 miles, and 
although it was reported by Madler to be flattened, the 
statement is now doubted by the ablest observers. Its vol- 
ume is about 64 times that of the earth, but its mass is only 
14 times as great. Hence, its density is only 1.25, that is, 
1} times that of distilled water. It is not known whether 
the planet rotates on an axis, although it is probable that 
it does so, its axis being perpendicular to the planes of the 
orbits of the satellites, yet to be described. Of its physical 
condition we know little or nothing. 

Satellites of Uranus. 

213. The satellites of Uranus are only visible in a pow- 
erful telescope and under favorable circumstances. Four 
are certainly known to exist, and others have been sus- 
pected. Two of the four were discovered by the elder 
Herschel, and have been studied by various observers. The 
other two were discovered by Lassell in 1852, under the 
pure sky of Malta. 

Sir William Herschel announced the existence of six satel- 
lites, two of which are identical with those already spoken 
of, but the other four, if they have an actual existence, are 
not recognized at the present time. Mr. Lassell, during 
his residence at Malta, examined the region of the heavens 
about Uranus with great care, and as the result of his 
observations he savs: "I cannot resist the conviction that 
Uranus has no other satellite except four visible with my 
eye and optical power. In other words, I am fiiUy persuaded 
12 
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that either he has no other satellite than these four, or if he 
has, they remain yet to be discovered.*' 

According to Newcomb the planes of the orbits of these 
satellites are inclined to the ecliptic in an angle of 97° 51', 
or nearly 98°. If their planes of revolution were ever co- 
incident with the plane of the ecliptic they must have 
been turned over till perpendicular to the ecliptic, and then 
8° further. Looking down upon the satellites from the 
north side of the ecliptic they appear to move from east to 
west ; that is, their motion is retrograde. It is but reason- 
able to suppose that rotation of the planet is in the same 
direction, and if so, this is certainly a strong point against 
the truth of the nebular hypothesis. The satellites in 
order of distance, their names, and periodic times, are given 
in the following table taken from Chambers* Astronomy. 

TABLE. 



t 

Number. 


Name. 


Periodic time 
in days. 


Mean distance 
in miiea. 


r 


Ariel 


2.52 

4.14 

8.71 

13.46 


122,849 
171.229 
280.869 
375,648 


11 


Umbriel 


Ill 

IV 


TltAnia 

Oberon 





Neptune, f . 

Its Discovery. 

214. The eighth planet in order of distance from the 
sun, and the third in magnitude, is called Neptune. It 
was first observed on the 23d of September, 1846, by a Ger- 
man astronomer named Galle, but its place in the heavens 
had been indicated to within less than a degree by Le Ver- 
rier; to this astronomer, therefore, and to the English 
mathematician Adams, who also predicted the place of the 
planet to a great degree of accuracy, must be assigned the 
honor of the discovery. 
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For many years previous to 1846 iiTegularities had been 
noticed in the motion of Uranus, which could only be ex- 
plained by supposing the existence of an exterior planet, 
and the minds 'of scientific men had been directed toward 
the solution of the problem as to whether such a planet did 
exist, and if so, where it was to be found. 

The nature of the disturbances of Uranus, which led to 
the discovery of Neptune, will be understood from the 
diagram, which shows the relative positions of Uranus and 
the then unknown planet Neptune, from 1781 to 1840. 



1822 



Explanation. The inner cir- 
de represents the orhit of UranuB, 
and the outer circle that of Nep- 
tnne, the san being at S. The 
corresponding positions of the 
two planets are indicated by the 
corresponding dates, and the di- 
rections of Neptune^s attraction 
is shown by the arrows. 



In 1821, at which 
time Uranus and Nep- 
tune were nearly in con- 
junction, Bouvard pub- 
lished his tables of 
Uranus, basing them on 
an orbit of the planet 
which harmonized with 
the observations that 

had been made between 1781 and 1820. After the publica- 
tion of these tables it wajs soon found that the observed 
places of the planet did not conform to those given by the 
tables, and as the time after 1822 increased, these discrep- 
ancies became continually greater. 

Adams began his investigations in 1843, and in 1845 he 
sent to the Astronomer Koyal provisional elements of a 
planet which he thought would account for the perturba- 
tions of Uranus, but no active search was made to verify 




Fig. 99. Relative poBitions of Uranus and 
Neptune. 
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his predictions. In the latter part of 1845 Le Verrier pub- 
lished a memoir to show that the perturbations of Uranus 
were not due to the sole action of Jupiter and Saturn, and 
in June, 1846, he published a second memoir to show that 
an exterior planet was the cause of the unexplained part of 
the disturbance. He assigned the elements of the orbit of 
such a planet, as Adams had done a few months previously. 
In the following August he published a third memoir, in 
which he indicated the probable place of the disturbing 
planet in the heavens, which was very nearly the same as 
that which had been pointed out by Adams. 

On the 23d of September, Encke of Berlin received a 
letter from Le Verrier, requesting him to co-operate in 
the discovery of the planet. That very night. Dr. Galle, 
Encke's assistant, turned his telescope to the place indicated, 
and soon discovered what seemed to be a star of the eighth 
magnitude, which was not laid down on Bremiker's chart of 
that region. On the following night he found that it had 
changed position, a discovery which made it evident that it 
was in reality the planet sought for. It is unnecessary to 
say that this discovery, which must ever redound to the 
honor of both Le Verrier and Adams, is one of the most 
brilliant achievements of modem science. 

Distance, Periods, Magnitude, and Physical Condition. 

215. The mean distance of Neptune from the sun is 
about 2,775 millions of miles ; his orbit is but little excen- 
tric, his distance from the sun at perihelion being 2,750 
millions of miles, and at aphelion 2,800 millions of miles. 

His periodic time is nearly 164f years, and his synodic pe- 
riod is only 367^ days; that is, he moves forward among the 
stars in a year no farther than the earth does in 2^ days. 

The diameter of Neptune is 34,800 miles, so that his 
volume is 85 times that of the earth. His mass is only 17 
times the mass of the earth ; hence, his density but little 
greater than that of water. 
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We know little or nothing of the physical character of 
the planet. It probably revolves on an axis, but we are 
ignorant of the time of his rotation and of the position of 
his axis of rotation. 

Neptune's Satellite. 

216. Neptune has one satellite which revolves around 
the planet in a period of 5.877 days, and in an orbit whose 
inclination to the ecliptic is a little more than 145°, that is, 
the motion of the satellite, as seen from the north side of 
the ecliptic, is from east to west, or retrograde. The plane 
of the orbit of the satellite is turned over, so to speak, with 
respect to that of the planet, and if we suppose the axial 
rotation to correspond in direction with that of the motion 
of the satellite, we are thereby furnished with a still 
stronger argument against the nebular hypothesis than in 
the case of Uranus. The mean distance of the satellite 
from Neptune is about 220,000 miles. 

Comparison of Uranus and Neptune. 

217. We have seen that the first six planets taken in pairs 
are somewhat closely allied in their physical conditions ; 
thus. Mercury and Venus resemble each other in many 
respects ; the Earth and Mars are more strikingly alike, 
and even Jupiter and Saturn have many peculiarities in 
common. In like manner Uranus and Neptune may be 
compared ; they agree in the fact that neither presents any 
peculiar markings by which its time of rotation can be 
determined ; the strongest point of resemblance, however, 
consists in the peculiarity of the motion of their satellites, 
the plane of motion in both cases being overturned, as it 
were, so that the apparent motions of the satellites are 
retrograde. We know little or nothing about the physical 
condition of either. 
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Comets Members of the Solar System. 

218. Besides the bodies already described, hundreds of 
other bodies called comets are recognized by astronomers 
as belonging to the solar system. 

They differ from the planets in many respects: their 
orbits are greatly elongated and are often highly inclined to 
the plane of the ecliptic ; in fact, they make every possible 
angle with that plane ; their motions are sometimes direct 
and sometimes retrograde ; they generally contain but little 
matter, and are often, perhaps generally, surrounded by 
nebulous envelopes and accompanied by trains of similar 
nebulous matter, though in the latter respect there is a 
wide difference between different individuals. 

They resemble the planets in conforming to the New- 
tonian law of universal gravitation : their orbits are always 
conic sections, having one focus in each case at the 
sun ; the radius-vector of each describes areas which are 
proportional to the times of description, but in consequence 
of their extreme tenuity they are greatly disturbed in 
their motions by the attractions of the planets, and they 
are often thrown from their normal orbits and forced to 
take up new ones. 

Definition. 

219. The word <mnety which is derived from the Greek, 
signifies a hairy or bearded star, that is, a star with a nebu- 
lous surrounding that resembles a bunch of hair, or a 
beard. 
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Before the true cbaracter of comets was discovered, they 
were objects of popular dread; they were considered as 
omens of the wrath of Heayen and as " harbingers of war 
and famine, of the dethronement of monarchs and the dis- 
solution of empires;" nor have these popular notions 
entirely disappeared, for even at the present day, the 
appearance of a comet is regarded by many with fear and 
apprehension. 

Elements of a Comet's Orbit. 

220. It has been stated that the orbit of a comet is 
some one of the conic sections. Of course no comet can 
return periodically unless its orbit is an ellipse ; but it 
usually happens, even when a comet's orbit is elliptical, 
that its excentricity is so great that we may regard that 
portion of it along which the comet is visible as sensibly 
coincident with a parabola having the same focus, and the 
same perihelion distance. 

Hence, when a new comet appears, astronomers are in the 
habit of regarding its orbit as a parabola, inasmuch as the 
labor of computing the elements of a parabolic orbit is much 
less than is required for computing the elements of an ellip- 
tical orbit The parabolic elements thus found are gener- 
ally sufficient to show whether the comet in question cor- 
responds to any one that has appeared before, and if so an 
elliptic orbit may then be computed. If the parabolic ele- 
ments do not indicate the identity of the comet with any 
one previously observed, they will be sufficient to enable us 
to predict the motions of the body until a sufficient num- 
ber of observations have been made to determine a more 
accurate orbit. 

The elements of a parabolic orbit are five in number, and 
these may be determined from three good observations of 
the body taken at intervals of one or two days. They are 
as follows: 
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V, The heliocentric longitude of the ascending 
node : 

2°» The inclination of the plane of the orbit to that 
of the ecliptic ; 

<?% The heliocentric longitade of the perihelion ; 

^^ The epoch, or time, of perihelion passage; and, 

5°. The perihelion distance, or the distance from 
the sun at the epoch. 

The Number of Comets. 

221. The number of comets that have been noticed and 
recorded is very great, amounting to many hundreds. Of 
these only the most conspicuous ones had been observed up 
to the time of the discovery of the telescope, and even they 
can hardly be said to have been observed in the modern sense 
of that term. Within a few years, however, great attention 
has been paid to cometary astronomy, and already from tioo 
to three hundred have been catalogued, that is, the elements 
of their orbits have been determined, with greater or less 
accuracy, and the results have been registered for future 
reference. 

Besides those that have been catalogued in modern times, 
great numbers must have escaped notice either from their 
minuteness, or because their paths were in that portion of 
the heavens which happened to be illuminated by the sun at 
the time of their nearest approach to the earth and conse- 
quently were above the horizon only in the daytime. 

On an average, when long periods are considered, there 
are 26 or 27 comets per century that are visible with the 
naked eye. The number of telescopic comets is vastly 
greater. 

General Description of a Comet. 

222. Comets differ so much in appearance that no sin- 
gle description is applicable to them all. In generals how- 
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eyer, a comet may be said to consist of three parts : 1% a 
shining stellar point called the nucleus ; 2°, a surround- 
ing mass of nebulous matter called the coma ; and 3°, an 
extension, or prolongation, of the coma called the tail. The 
nucleus and coma together make up the hea*d of the comet. 

The nucleus, which appears to be composed of matter in 
a state of incandescence^ and which may or may not be 
solid, varies greatly in brilliancy in different comets. 
Sometimes it shines like a star of the first magnitude, 
sometimes it is so faint as hardly to be discernible^ and in 
some cases there is no trace of a luminous centre. Some- 
times the stellar point is sharp and clear, but more fre- 
quently it is hazy and badly defined. 

The coma consists of a vapor-like mass of matter some- 
what condensed toward the nucleus, but greatly diffused 
toward its outer surface ; its outline is very indistinct, and 
at a little distance from the nucleus it is go tenuous that 
stars may be seen through it. Its bulk is often enormous, 
but the quantity of matter that it contains is very small, as 
is shown by the readiness with which it yields to the dis- 
turbing forces of the planets and the little influence it ex- 
erts upon them in return. The extreme tenuity of the 
coma is shown by its enormous bulk in comparison with its 
mass. 

The tail, which is even more tenuous than the coma, is 
turned away from the sun, and in many instances it extends 
to an enormous distance from the nucleus ; in other cases 
it is comparatively insignificant, and not infrequently it is 
totally wanting. In no respect do comets differ more from 
each other than in respect to this appendage; the great 
comet of 1843 had a tail that extended over an arc of 65°, 
and which was not less than 150,000,000 of miles in length, 
while the bright comets of 1665 and 1682 are described by 
Cassini as being round and well-defined like Jupiter. Some 
brilliant comets have very short tails, and some faint cometa 
have very long ones. 
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Some comets have been noticed with seyeral tails, or di- 
verging streams of nebulous matter: the great comet of 
1774 is described as having had six tails spreading ont Uke 
a fan and covering an angular space of 30° ; the smaller 
comet of 1823 had two tails making an angle with each 
other of 160°, the brighter and principal one being directed 
away from the sun, while the lesser one lay in nearly an op- 
posite direction. It is to be observed that telescopic comets, 
as a general thing, have no tails, or at most only short ones ; 
their bodies usually appear as simple spherical or slightly 
elongated masses of vapor. 

Brilliancy and Visibility. 

223. Comets have every degree of brilliancy, from those 
magnificent specimens that are visible with the naked eye 
in broad daylight down to the almost evanescent wisps of 
nebulous matter that can only be seen with a powerful 
telescope. 

Many comets have been seen in the daytime : the great 
comet of 1843 was thus seen when it was within 2° of the 
sun ; the great comet of 1861 was seen just before sunset; 
the great comet of 1882 was also seen in close proximity 
to the sun ; and to these examples many others might be 
added. 

It has often happened that comets have been seen during 
the time of a solar eclipse : such an event occurred during 
the eclipse of 63 B.C. ; in 418 A.D. a large comet was 
seen during the eclipse of that year ; and also during the 
eclipse of 1882, which was observed by Lockyer and others 
in Egypt, a comet was seen and photographed. 

It has already been stated that the average interval be- 
tween the appearances of comets, large enough to be seen 
with the naked eye, is about 4 years. Some of them re- 
main in sight but a few days, and others are visible for 
longer periods, up to several months, Not to go too flw 
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back into astronomical history, we may giye a few examples 
of recent comets that remained visible either to the naked 
eye or to the telescope for loug periods of time. 

The great comet of 181 1, one of the most conspicaous of 
modem times/ remained visible for 17 months; the bright 
comet of 1815 was visible for nearly 6 months ; the comet 
that was first seen in the latter part of 1825 was visible for 
nearly a year ; the great comet of 1843 was observed for 7 
weeks ; Donati's comet, one of the finest comets of the cen- 
tury, was a conspicaous object in the heavens during the 
autumnal months of 1858, and did not finally disappear in 
the telescope till the following March ; and finally the 
remarkable comet of 1882 was visible to the naked eye for 
many weeks. 

Mass and Tennity. 

224. It has been stated that the smallness of a comet's 
mass is shown by the great disturbance it experiences from 
the action of the planets ; the following instance will illus- 
trate the subject more fully than further description : 

A comet appeared in 1770, which was found to move in 
an elliptical orbit, with a periodic time of about 5i^ years ; 
it is known in history as Lexell's comet. The wonder was 
why it had never been seen before, and so great was the 
interest of astronomers in the matter that the French 
Institute offered a prize for a complete investigation of its 
history. As a result of this investigation, it was found that 
it had been greatly disturbed by the attraction of Jupiter. 

In tracing its orbit backward, it was found that in 1767, 
it had come within the influence of Jupiter, in whose 
neighborhood it had remained for several months, and 
when it finally left that planet it had been thrown into a 
5J-year orbit. Previously it had moved in a 50-year orbit, 
whose perihelion distance was nearly equal to that of 
Jupiter, and for this reason it had never been seen before. 
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Strangely enough; the comet at a later period again fell in 
with Jnpiter, and after being detained for a few months in 
that neighborhood it was thrown into a 20-year orbit, with 
a perihelion distance of between 200 and 300 millions of 
miles, and unless it is again disturbed it will, on account 
of its great distance, remain forever invisible to us. Dur- 
ing all these changes in the path of the comet, the orbits gf 
Jupiter's satellites were not changed in any perceptible 
degree. Laplace concluded that the mass of this comet 
could not exceed the 5,000th part of that of the Earth. 
The curious history of this comet suggests an explanation 
of many strange anomalies that have been observed in this 
class of bodies. 

As illustrations of the extreme tenuity and almost perfect 
transparency of cometary bodies, the following cases may 
be mentioned : In 1824 Struve saw a star of the twelfth 
magnitude when it was so near the centre of an intervening 
comet that it could not have been more than 2" from the 
densest portion, and yet the star experienced no sensible 
diminution in brightness. Again, in 1829, the same 
astronomer saw what he thought to be a comet with a 
stellar nucleus, but which turned out to be only a star of 
the eleventh magnitude shining through the head of the 
comet. In October, 1874, the comet discovered by Miss 
Mitchell of Nantucket passed over a star of the fifth mag- 
nitude so centrally that it could not be decided on which 
side the nebulosity was greatest, even with a magnifying 
power of 100, and yet the light of the star was not 
perceptibly enfeebled. 

Mr. A. B. Biggs, in writing from Tasmania of the great 
comet of 1882, says: 

*^ On Monday evening at 10 o'clock I perceived a minute 
star (ninth magnitude) in the advancing edge of the 
comet's coma, which I foresaw would be crossed centrally 
by the nucleus — a rare opportunity which I determined not 
to miss. At 11 o'clock the star was fairly in the centre of 
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the naolens. The nucleus was perfectly transparent. I 
watched the star until it had well crossed, and never lost 
sight of it even when a slight atmospheric haze obscured 
the comet itself. The light of the star was not even 
sensibly diminished, except so far as being seen upon the 
light background of the comet." 

• Prof. Young, in a recent lecture, said: "Encke's comet, 
when I was observing its spectrum, passed so centrally over 
a star that I thought something had happened, because 
I saw that there was a stellar spectrum ; but ten minutes 
afterward it had passed by. Yet the star was not dimmed 
at all. Afterward I had a candle placed so that its light 
should shine on the object-glass of the telescope, making 
the field of view about as bright as the comet was, and I 
found this light dimmed the star as much as the 50,000 
miles of comet did. A comet is a mere airy nothing." 

It may be observed that the slightest fog or haze is suffi- 
cient to obscure a star of the magnitude referred to. The 
facts just given suggest the idea that the nuclei of bright 
comets may not be solid, nor even very dense bodies. 

Appearance of the Tail. 

225. As we have already seen, the appearances presented 
by the tails of different comets are exceedingly diverse. 
The normal or average type, however, consists of a slightly 
diverging brush of light, extending away from the sun, 
being brightest near its borders and darkest along the cen- 
tral line or axis. 

The dark shade ^f the axial line can be accounted for by 
supposing the tail to be a greatly elongated and hollow 
paraboloidal envelope, having its focus at the centre of the 
nucleus. The portion of this envelope which is turned 
toward the sun is in fact a part of the coma, and its pro- 
longation beyond the nucleus is the real tail. 

In viewing such an envelope it ia em\^ ^^evi 'Ow^ "^^^ 
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portions along the asis would appear darkest, while those 
near the border would Bcem to be brightest. Ijet A B, Fig. 
100, represent a cross-section of such an envelope, made by 
a plane perpendicular to its axis ; and 
suppose the space between the two cir- 
cles to be filled with diffused luminous 
matter, (t is evident that a line of 
vision, CD, through the centre, 0, will 
contain fewer luminous particles than 
one through EF, and consequently 
to an eye situated below the section it 
will appear to be brighter at F than it . 

d«es at D. „^ ^ „^ ,^. 

When we come to the study of McdoDot*OoiiMt'BTui. 
Ponati's comet we shall see that the 
tail is made up of several such hollow envelopes, a fact that 
will somewhat modify the above conclusion, without in 
any manner impairing its validity. The differences that 
are noticed in the tails of different comets and in the tails 
of the same comet at its different returns will be considered 
hereafter. 



Curvature of Comets' Tailti. 

226. The tails of most comets appear to be curved some- 
what hke a Turkish scimetar, the concavity of the curve 
being turned toward that part of the orbit which has already 
been traversed by the comet. The bending, as a general 
rule, takes place in the plane of the orbit, and as a conse- 
quence the apparent curvature will de^nd not only upon 
the actual amount of bending, but also upon the position 
from which it is viewed ; if seen from a point in, or nearly 
in, the plane of the comet's orbit, the tail will appear nearly 
straight; if seen obliquely, the amount of curvature will 
obWously vary with the degree of obliquity. 

The curved form of a comet's tail is well shown in Fig. 
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101, which repreeente the great comet of ISfiS, Dsually 
known as Donati's comet. 




Fie. 101. Dotiitl' 



The explanation of this curved appearance depends on 
a theory that has been advanced to account for the forma- 
tion of the coma and tail. The theory in question supposes 
that a portion of the comet becomes vaporized in approach- 
ing the sun, and that the vapors thus formed are repelled 
both by the comet and by the sun. By virtne of the comet^s 
repolsion these vapors rise in the form of envelopes snr- 
roaiiding the comet, and by virtue of the sun's repulsion 
they are elongated and driven awuy from the nucleus to 
form the tail. 

The manner in which the successive envelopes are formed 
and driven off is shown in Fig. 103, which represents the 
head and a portion of the tail of Coggia's comet of 1874, bs 
drawn by Tronvelot. 
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This theory being accepted, the cnrratare of the tail is 
easily explained. The particleB driven ofiF at any inatant, 




moving under the action of inertia anij the eud's repellent 
force, will describe paths which, for the purpose of descrip- 
tion, we may regard as normal to the comet's orbit. Of aU 
the particles driven oS during a given period, those first 
repelled will have niovtd to the greatest distance from the 
orbit, those next in onler will have moved to a leas distance, 
and so on to the last, which will have moved to the least 
distance : it is ob\ious that the aggregate appeanince of all 
these points at any time will be similar to that shown in 
Fig. 101. 

The explanation just given is not dissimilar to that which 
would account for the formation of the cnnred aud ever- 
widening train of smoke that is seen to follow a rooTing 
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steamer. The smoke emitted at each instant is forced up- 
ward by the buoyant effort of the air, expanding as it rises, 
until it finally becomes so tenuous as to be invisible. The 
aggregate appearance of all the smoke emitted has at any 
instant a shape that is not unlike the curved tail of a comet, 
lying outside of, and curved toward the path of the steamer. 

Volume of some Comets. 

227. The famous comet of 1811 was one of the largest of 
whidb we have any record ; the diameter of its head was 
about' 600,000 miles, and its tail extended to a distance of 
more than 60,000,000 of miles, so that its entire volume was 
neiurly or quite as great as that of the sun itself. The great 
comet of 1769 was 500,000 miles in diameter, and its tail 
not less than 50,000,000 of miles in length. As we have 
already stated, the great comet of 1843 had a tail whose 
length was 150,000,000 of miles. 

In this connection several important questions arise : 
first, is it possible that the attraction of the head of the 
comet is sufficient to gather up all the matter that is thrown 
off to form the tail ? seco7idly, if not, would the quantity of 
matter thus expended bear any appreciable proportion to 
that which remained ? and thirdly, if the matter were not 
gathered up and condensed upon the body of the comet, 
would it condense by itself so as to form a new comet ? 

Varying Dimensions of the same Comet. 

- 228. It is a well established fact that some comets actu- 
ally diminish in bulk as they approach the sun, and expand 
again as they recede from that body. In other cases the 
change observed is exactly the reverse. These facts have 
suggested the idea that the condition of the matter in these 
two classes of comets is in some way quite different. The 
former set of facts has suggested the idea of a medium 
growing denser toward the sun, which acta b^ it^ \«t^'^\«^ 
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to condense the cometic matter in its approach to that body 
and peimitting it to expand when receding ; the latter set 
of facts would seem to render this idea untenable. 

Grant, in his History of Physical Astronomy, says : "A 
moi*e probable explanation has been suggested by Sir John 
HerscheL According to that astronomer, as the comet ap- 
proaches perihelion the action of the solar heat will be con- 
stantly transforming the nebulous matter of which it is 
composed into the condition of a transparent invisible gas; 
and as this process necessarily takes place at the exterior of 
the nebulosity, where the solar rays impinge, the imme- 
diate consequence will be a diminution of the volume of the 
comet. After the passage of the perihelion the radiation of 
heat from the surface of the more condensed portion of the 
comet will not be suflSciently compensated by the solar heat 
received, and the difference of temperature thence arising 
will occasion a precipitation on the surface of the nebulous 
matter susi)ended in a gaseous state in the atmosphere of 
the Qomet. This precipitation of nebulous matter will con- 
tinue to go on under the influence of the cooling process 
occasioned by the increasing distance of the comet from the 
sun, and the manifest result will be a rapid enlargement of 
the visible dimensions of the comef 



Source of a Comet's Li^ht. 

229. The question has been raised whether comets shine 
by their own or by reflected light. Arago undertook to set- 
tle the matter by experiment, making use of the optical 
principle that light emanating from a self-luminous body is 
not |H>larized, whereas reflected light is always more or less 
polaiized. He found that cometic light was partially 
polarized, and from this he inferred that comets are opaque 
bodies shining by reflected light. This conclusion is obvi- 
ously illogical, though the conclusion arrived at is in most 
cases probably true. It is plain that a comet might be aelf- 
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luminous and yet reflect a certain amount of solar light, 
and this, mingled with emitted light, might give rise to a 
partial polarization. 

It is the opinion of astronomers that some comets are 
self-luminous under certain circumstances, especially when 
they are near the sun. In receding from the sun, how- 
ever, they diminish in brightness more rapidly than they 
would if they shone by their own light only. 

According to a law of optics the brightness should vary 
inversely as the square of the distance the light has to 
travel to reach the eye. Now, in the case of a self-lumi- 
nous body the distance traveled by the light is equal to its 
distance from the earth, but in the case of a body shining 
by reflected solar light the distance traveled is equal to that 
from the sun to the body and thence to the earth. When 
a body of this class is moving directly away from both the 
sun and the earth, the distance traveled by reflected light 
increases twice as fast as its distance from the earth, and 
consequently the brilliancy of the body decreases four times 
as fjEist as it would if self-luminous. 

Distribution of Cometary Orbits. 

230. The orbits of about 250 comets have been com- 
puted with considerable accuracy. Of these,' according to 
Young, 5 or 6 are hyperbolas, about 60 are ellipses, and the 
rest are parabolas. 

When the orbit is elliptical, the comet must return with 
due regularity ; but when it is either hyperbolical or para- 
bolical, the comet after passing its perihelion, will contin- 
ually recede from the sun, and ultimately must pass beyond 
the limits of his attraction, never to return. 

Observations can only be made on a comet when it is 
comparatively near its perihelion, and then from the nature 
of the case they must be more or less imperfect. Inasmuch 
as there is little diiference in the shape of a parabola and a 
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very elongated ellipse in the neighborhood of tbeir Ter- 
tices, it may happen that many orbits which have been 
classed as parabolas are Id reality elongated ellipses. 

When a comet passes near one of the lai^ planets, its 
orbit is greatly disturbed, and often completely changed in 
form. This influence is manifested, to a certain extent, by 
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the ^on])ing of those comets with which we are most 
familiar into classes, each of which corresponds to one of 
the large planets. Thus, the Jovian group contains 13 
comets whose [wriodic times range from 6 to 8 years, and 
whose aphelion points are toXexftWY neat •Ott^oAiA.^ASti.'^Aw, 
some within and some without-, tVe Soturnwft ^^w).^«»«i. 
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sists of 2 comets^ with periods of from 12 to 15 years, and 
whose aphelia are at a distance from the san nearly equal to 
the mean distance of Saturn ; the Uranian group contains 3 
comets with periods of about 33 years, and whose aphelion 
distances are nearly the same as that of Uranus ; the Nep- 
iunian group consists of 6 comets, whose periods range in 
the neighborhood of 75 years, and whose aphelion distances 
are all a little greater than the mean distance of Neptune. 
These groups embrace nearly one-half of all the comets 
whose orbits are certainly known to be elliptical. 

The order of grouping of a few of the periodic comets is 
shown in Pig. 103, in which their orbits are projected on 
the plane of the ecliptic. 

The orbits of comets are inclined to the ecliptic at almost 
every angle from 0° up to 90°, and their motions are about 
as likely to be retrograde as direct ; of a catalogue of 201 
comets given by Arago, 102 have a direct motion ; that is, 
they move from west to east, and 99 have a retrograde 
motion. Prom a comparison of a large number of orbits, 
Ohambers reaches the following general conclusions : 

1°. ** With comets revolving in elliptical orbits there is 
a strong and decided tendency to direct motion; the same 
obtains with the hyberbolic orbits; with the parabolic 
orbits there is a rather large preponderance the other way ; 
and taking all the calculated orbits together, the numbers 
are too nearly equal to afford any indication of the exist- 
ence of a general law governing the direction of motion. 

2°. " There is a decided tendency in the periodic comets 
to revolve in orbits but little inclined to the ecliptic, and 
therefore a low inclination is an eminently favorable indica- 
tion of a periodic comet 

3°. " There is a decided disposition in the orbits to con- 
gregate in and around planes inclined 50° to the ecliptic. 

4°. '^ There is an evident tendency in the periheliona to 
crowd together in two opposite regAona, \>eW^^Tv^^''-A^^ 
and 240''^00°/' 
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Disintegration of Comets. 

231. Comets have sometimes been known to separate 
into two or more fragments. Grant, in his History of Phy- 
sical Astronomy, says : *^ Seneca relates that Ephorus, an 
ancient Greek author, makes mention of a comet which, 
before vanishing, was seen to divide itself into two distinct 
bodies. The Roman philosopher appears to doubt the pos- 
sibility of such a fact ; but Kepler, with characteristic 
sagacity, has remarked that its actual occurrence is exceed- 
ingly probable. 

" The latter astronomer further remarked that there were 
some grounds for supposing that two comets, which ap- 
peared in the same region of the heavens in the year 1618, 
were- fragments of a comet that had experienced a similar 
dissolution. Hevelius states that Cysatus perceived in the 
head of the great comet of 1618 unequivocal symptoms of 
a breaking up of the body into distinct fragments. The 
comet when first seen in the month of November appeared 
like a round mass of concentrated light. On the 8th of 
December it seemed to be divided into several parts. On 
the 20th of the same month it resembled a multitude of 
small stars. Hevelius states that he himself witnessed a 
similar appearance in the head of the comet of 1661.^' 

Biela's comet, having a period of about 6|- years, and 
which was discovered in 1826, was seen in 1846 to separate 
into two distinct comets which continued to travel together 
at a distance of from 3' to 4' during the entire remaining 
period of their visibility. At this time the nuclei were 
separated by a distance of only 160,000 miles. 

On its return in 1852, the comet was still divided, but the 
component parts had separated to a distance of a million 
and a half of miles. It was not seen either in 1859, 
1865, or 1872. In the latter year, however, the earth 
passed through what was supposed to be the debris of the 
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cornet^ and there is good reason to belieye that the passage 
of some of its fragments through our atmosphere produced 
the meteoric shower of November 27fch. This shower had 
been predicted, and the results verified the prediction. 

The great comet of 1882 showed many indications of dis- 
ruption, which were variously described by different as- 
tronomers. This comet passed its perihelion on the 17th of 
•September. On the 4th of October the nucleus had become 
much elongated, and by the 10th of the same month it had 
taken on the appearance of an irregular string "of 6 or 8 
starlike knots of luminosity connected and veiled by shining 
haze.'^ 

Prof. Young says, in speaking of this comet : " Another 
curious thing about the comet is the observation by Prof. 
Schmidt of flocculent masses of light moving in the same 
direction as the comet; these were seen by Schmidt from 
October 8 to October 11, and were also observed by Barnard 
of Tennessee, and by Brooks of New York. These cloud- 
like masses were very faint, not visible to the naked eye, quite 
large, and they moved on in the same direction and finally 
disappeared. The probability is that they were debris of 
the Comeths large tail following around and finally coming 
into the neighborhood of the comet itself." 

From these and other similar facts it has been thought 
by some that comets are frequently broken up into 
numerous fragments, which become scattered by disturbing 
forces both laterally and along the track of the comet, where 
they continue to revolve in the form of a stream of meteoric 
elements. 

Behareable Comets. 

Halley's Comet. 

232. This comet is of special interest to astronomers, as 
it was the first one whose return had been predicted by 
melons of mathematical computation. It a^^peared iiv 1^^%^ 
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and Halley calcnlated, by Newton's method, the elements 
of ita orbit He fonnd that the inclination of its orbit was 
17^42', the longitude of its perihelion 302°16', the longi- 
tude of its node 50''21'9 and its perihelion distance 54>OOO,O00 
of miles, its motion being retn^rade. 

He in like manner computed the elements of the comet 
of 1607, which he found to be almost identical with those 
given above. Again, by testing the observations made on 
the comet of 1531, he likewise found that its elements wer6 
also verv nearly the same. He therefore inferred that the 
comets of those years were not different indiyiduals, but so 
many reappearances of the same body, and he ventured to 
predict its return towards the end of 1758 or the beginning 
of 1759, allowing a few months for the changes in its orbit 
produced by the perturbations of the planets. 

Clairaut, a French astronomer, undertook the laborious 
calculations necessary to determine the changes that would 
be produced in its orbit by the perturbations of Jupiter 
and Saturn, and as the result of his inyestigations, he an- 
nounced that the comet would reappear within 30 days, one 
way or the other, of the middle of April, 1769. The comet 
actually passed its perihelion on the 13th of March, 1759, 
that is, about three days outside the limit assigned by the 
illustrious computer. This was, for these times, a wonder- 
ful triumph of science, particularly as the effects of pertur- 
bation were such as to cause a change of more than 600 
days in the comet's entire period. 

Damoiseau, with new elements, computed the time of its 
next return, and assigned November 4, 1835, as the date 
of its perihelion passage. Pontecoulant also made the com- 
putations and fixed upon November 13 as the time of its 
return to perihelion. In 1834, the path of the expected 
comet and its predicted positions for various dates from the 
20th of August to the 26th of December were published in 
the Annuaire du Bureau des Longitudes. True to predic- 
tion, the comet appeared on the 5th of August, followed 



COMETS AND METEORS. 289 

its assigned path, but a little behind time, and actually 
passed its perihelion on the 16th of November, only three 
days later than was predicted. 

The following table shows the dates of the comet's suc- 
cessive returns to perihelion for 500 years, from which we 
may infer the great changes produced by planetary pertur- 
bation : 

Perihelion passage. Time of revolution. 

1. Nov. 8, 1378. 

2. June 8, 1456 77 yrs. 212 days. 

3. Aug. 25, 1531 75 yrs. 78 days, 

4. Oct. 26, 1607 76 yrs. 62 days. 

5. Sept. 14, 1682 U yrs. 323 days. 

6. March 12, 1759 76 yrs. 189 days. 

7. Nov. 16, 1835 76 yr^. 249 days. 

From this table we see that the length of its time of 
revolution is greatly affected by perturbation ; the average 
time for six periods being 76 yrs. 62 days. 

Previous to the 2d of October, 1835, the comet presented 
a round nebulous disk with a faint nucleus at its centre. 
On the evening of that day the nucleus had become very 
bright, and according.to Bessel a cone of light appeared to 
issue from the side next the sun, which, after extending for 
a short distance from the head, was observed to curl back- 
ward, as if impelled by a force of great intensity directed 
from the sun. This was the beginning of the formation of 
a tail. The nebulous matter, which in the first instance 
was repelled from the comet towards the sun, rising in the 
form of an envelope, was afterward repelled by a powerful 
force driving it away from the sun. 

The comet was observed by Sir John Herschel, after 
passing the perihelion. On the 25th of January it pre- 
sented no trace of a tail, but resembled a round nebulous 
body about 2' in diameter, surrounded by a coma of great 
extent. Within the disk was a small \iT\^\vt^vcA»^^xwK!L 
13 
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which there issued in a direction opposite the sun, a ray of 
highly condensed light. The comet seemed to contain 
within it another miniature comet with a bead and tail of 
its own. 

As the comet receded from the sun the head began to 
dilate and its light to grow fainter ; in consequence of 
successive additions to the length of its tail, the comet 
gradually assumed a paraboloidal form. The head and 
paraboloidal envelope enlarged with great rapidity, and at 
the same time the comet diminished in brightness until it 
finally ceased to be visible for want of light. 

Donati's Comet. 

233. This comet was discovered by Donati at Florence 
June 2, 1858 ; it was then about 200 millions of miles from 
the sun, and at a still greater distance from the earth. By 
the 13th of June approximate elements had been determined 
and its future path predicted. By the middle of August its 
orbit had been determined with much accuracy. Traces of 
a tail became visible on the 20th of xiugust, and on the 29th 
of that month the comet, which had hitherto been telescopic, 
became visible to the naked eye, and f^r several weeks there- 
after continued to be a conspicuous object in the northern 
heavens. 

It was observed in this country by Bond of Cambridge, 
who published an account of his observations in the Mathe- 
matical Monthly, from which article we gather some of the 
more important facts of its history. 

Bond savs that the nucleus had a diameter of about 2000 
miles on the 8th of September, with a surrounding nebu- 
losity of about 3000 miles in diameter, while a diflfused light 
extended for 40,000 or 50,000 miles toward the sun. At 
this time its tail was about 16 millions of miles in length. 
On the 20th of that month the train or tail was plainly 
bifurcated, the nebulous matter issuing from the head in two 
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streams, of which the southern one was the brighter; its 
general outline was in the shape of an elongated hyperbola 
or parabola. By the 23d of September the nucleus had be- 
come as bright as a large star of the first magnitude, and it 
was about this time that Bond began to notice the forma- 
tion of successive envelopes, which became so marked a 
feature in the history of this comet; its tail at this period 
was about 6** or 8° long, even in the presence of bright 
moonlight. In the telescope the* nucleus appeared to 
be diminished in diameter, and its light was very intense ; 
outside of this, and about 6,400 miles distant, was a bright 
envelope, and still outside of this was a fainter envelope; 
the tail was slightly curved. 

By the 25th a new envelope was thrown off, which be- 
came clearly visible on the 27th, and as it expanded the 
tail received a new appendage in the shape of a ray of light 
nearly straight, and apparently tangent to the curved part 
of the tail, as shown in Fig. 101. On the 29th the comet 
was 50 millions of miles from the sun and 70 millions of 
miles from the earth, and its tail had become 26 millions of 
miles in length. At this time the nebulous matter was be- 
ing thrown off with commotion, the jets streaming forth in 
various directions, bul blending together and becoming more 
symmetrical as the matter rose from the comet. 

The comet passed its perihelion on the 29th of Sep- 
tember, and was nearest the earth on the 10th of October. 
Its rapid passage to the southern hemisphere rendered it 
invisible in the northern hemisphere after the end of Octo- 
ber, though it was seen in the southern hemisphere as late 
as March 4, 1859. 

After its perihelion passage new envelopes continued to 
be thrown off, and the nucleus continued to diminish in 
size. When at its brightest five distinct envelopes could 
be seen at the same time, separated from each other 
by dark bands. Eays or jets of luminous matter were 
numerous, each shooting fort\\ irom \,\v^ Ciovc^^'s. i\^^ ^V 
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the tail^ which at its maximum was about 579OOO9OOO of 
miles in length. 

' At this time tlie comef s appearance, as drawn by Bond, 
is shown in Fig. 101. 

Id many respects this is the most remarkable comet that 
has been seen in modern times, and furthermore, it was 
more carefully studied than any previous comet. 

Its orbit was computed by yarious astronomers, but the 
results of their labors were somewhat discordant: the 
periodic time was variously assigned from 1,620 up to 2,470 
years ; from this discrepancy we may infer the great diflS- 
culty of the problem of determining the exact orbit of such 
a comet. 

Comparison of Halley's and Donati*s Cometil. 

234. Phenomena similar to those just described were 
noticed at the last appearance of Halley^s comet The con- 
clusions deduced by Sir John Herschel are apparently con- 
firmed and strengthened by the observations made on 
Donati's comet. These conclusions, as summarized by 
Herschel in his Outlines of Astronomy, are as follows : 

1°. That the matter of the nucleus is powerfully excited 
and dilated into a vaporous state by the sun's rays, escaping 
in streams and jets at those points of its surface which op- 
pose least resistance, and in all probability throwing the 
nucleus into irregular motions in the act of escaping, thus 
altering its direction. 

2°. That this process takes place in that portion of the 
nucleus which is turned toward the sun, the vapor escaping 
chiefly in that direction. 

3°. That when so emitted it is prevented from proceed- 
ing in the direction of the force of emission by some force 
directed from the sun, which drifts it back and carries it 
out to a vast distance behind the nucleus, forming the tail, 
or so much of the tail as can be considered as consisting of 
material substance. 
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4^. That the force, whatever may be its nature^ acts un- 
equally on the materials of the comet, the greater portion 
of which remains unvaporized, a considerable part of the 
yapor actually produced remaining in the neighborhood to 
form the coma. 

5^. That the force thus acting on the material of the tail 
eatinot possibly be identical with gravitation, being cen- 
trifugal, or repulsive with respect to the sun, and of an 
energy far exceeding the gravitating force toward that body. 

6°. That unless the matter of the tail thus repelled from 
the sun be retained by a peculiar and highly energetic at- 
traction toward the nucleus, diflfering from and exceptional 
to gravitation, it must leave the nucleus altogether ; it is 
therefore conceivable that a comet may lose at each approach 
to the sun a portion of that peculiar matter, whatever it may 
be, on which the production of the tail depends, the remain- 
der being of course less excitable by solar action and more 
impassive to his rays, and therefore more nearly approxi- 
mating to the nature of the matter of planetary bodies. 

7°. That considering the immense distances to which 
some of the matter of the tail is carried from the comet, it is 
quite inconceivable that the whole of that matter should 
be reabsorbed, and therefore that it must lose during 
its perihelion passage some portion of its matter; and 
if, as would seem far from improbable, that matter should 
be of a nature to be repelled from, not attracted by, 
the sun, the remainder will by consequence be more ener- 
getically attracted to the sun than the mean of both. If, 
then, the orbit be elliptic, it will perform each revolution in 
a shorter time than the preceding one, until at length the 
whole of the repulsive matter will be thrown off. 

The Great Comet of 1882. 

23S. This comet was first seen and observed in the 
loatbern hemisphere on the 7tli ox %tYv ol^^\fc\fi^x A^^^^ 



294 A6TB0K0HY. 

On the 17th, the day of its perihelion passage, it was ob- 
served at the Cape of Good Hope in broad daylight, and 
when in the immediate neighborhood of the sun. Mr. Gill 
says: " The comet was followed by two observers with sep- 
arate instruments right up to the sun's limb, when it sud- 
denly disappeared at 4h. 50m. 58s. mean local time." After 
passing to the west of the sun it continued visible by day- 
light for a day or two, and was seen by various astronomers 
in all parts of the world. A few days after its perihelion 
passage it became a conspicuous object in the eastern 
heavens before daylight, and continued visible, with dimin- 
ishing brightness, for several weeks. 

In passing its perihelion, which it did at a distance of 
only 300,000 miles from the sun's surface, its orbital velo- 
city was so great that it moved through an angle of 180° in 
less than 4 hours ; it must have passed through the sun's 
coronal atmosphere at the rate of about 300 miles per 
second. 

On the 2d of October its nucleus was as bright as a large 
star of the first magnitude, and the coma and tail were well 
developed, with a clearly marked dark streak extending 
backward from the nucleus. It was noticed at this time 
that the nucleus, instead of being round, was elongated in 
the direction of the comet's radius-vector ; it continued to 
elongate, and in about a week it presented the appearance 
of a string of knotted star-like points. Its tail was very 
broad and bright, with a slight curvature ; its length on 
the 15th of October was about 60 millions of miles, which 
corresponded to an arc of 18° of the heavens. 

The spectroscopic observations of Thollon and others 
indicated the presence of incandescent sodium in the nu- 
cleus ; the nucleus also gave a nearly continuous spectrum 
in which the Frauenhofer dark lines were quite inconspicu- 
ous, showing that but little of the comet's T)rilliancy was 
due to reflected solar light. Eicco of Palermo saw, besides 
the bright sodium line, several otk^t bvx^Vvt Ixueia^ but for 
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want of suitable means was unable to locate their position 
in the spectrum. 

When the elements of this comet were compared with 
those of preceding comets, they were found to bear a strik- 
ing resemblance to those of the comets of 1880, of 1843, 
and of 1668. From the computed lengths of the periods of 
these comets, it seemed almost impossible to believe that it 
could be a return of any one of them ; we are therefore led 
to the conclusion that it is one of a group or family which 
are revolving in nearly the same orbit. This conclusion 
will not appear improbable when we come to consider the 
relation between comets and meteor streams. 

Prof. Young, in writing on this comet, notices a phe- 
nomenon somewhat similar to that already spoken of as 
having been seen in connection with Halley^s comet. He 
says that Ricco's drawing of the comet as it appeared on 
the 4th of October shows something resembling a bright 
comet enveloped in a fainter one. He further says : " Prof. 
Smith of Kansas University noticed on the 9th a pale 
stream of light with parallel edges, and nearly as wide as 
the tail of the comet, extending towards the sun. On the 
15th this phenomenon had become much more conspicuous. 
The streamer was now one-half a degree in width, well 
defined at both edges, of nearly uniform brightness through- 
out, though nowhere as bright as even the faintest portion 
of the tail, and extended from its origin, a degree or two 
above the nucleus, to a distance of two or three degrees 
below the head, where it faded out." 

The comet remained visible in the telescope till May ; 
it was observed on the 6th of April by Ricco, at which time 
it was about 5 hours west of the sun. 

Encke's Comet. 

236. This comet, which was first noticed by Pons of 
iltunseUl&s, derives its name from the as»\>T0TvcyKv^^^V<5>^^^^ 
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computed its orbit. From the observations made in the 
latter part of 1818 and the beginning of 1819, Encke found 
that the comet revolved around the sun in an elliptical 
orbit in the short period of about 3J years. 

In comparing the elements of this comet with those of 
the comets that were visible in 1795 and 1805, he con- 
cluded that they were identical, and he also inferred that 
it would return in 1822 ; but at the date assigned its posi- 
tion in the heavens was such as to prevent its being seen 
in the northern hemisphere, but it was seen and observed 
by M. Eiimker of Paramatta for about three weeks. The 
observations thus obtained enabled Encke to predict its 
next return, which he found would occur on the 16th of 
September, 1825. 

It was seen at this return, and also to better advantage 
on its return in 1828. On the 30th of November, or more 
than a month before its perihelion passage, it was visible to 
the naked eye as a star of the 6th magnitude, and a week 
later it appeared as a star of the 5th magnitude. In 
the telescope it appeared to be a slightly oval mass of 
nebulous matter with a nucleus excentrically situated on 
the side nearest the sun. 

This comet is rendered remarkable by the continued 
diminution of its periodic time, which amounts to about 2 J 
hours at each successive return. This peculiarity had been 
noticed by Encke, who suggested that space was filled with 
a rare ethereal medium, suflSciently dense to produce by its 
resistance an effect on the motion of the comet, but of such 
tenuity as to exercise no sensible effect on the motions of 
the more massive planets. 

"The contraction of the orbit must be continually pro- 
gressing, if we suppose the existence of such a medium, and 
we are naturally led to enquire, what will be the final con- 
sequence of this resistance. Though the final catastrophe 
may he retarded for many ages by the powerful attraction 
t the larger planets, especiaW^ Ju^W^t, ^WVtlq.^. t\vft <!,Qmet 
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be at last .precipitated on the sun ? The question is full of 
interest, though altogether open to conjecture." 

The rate of diminution is shown in a table constructed 
by Encke, and which may be found in Chambers' Astron- 
omy. From this table we see th^^t the diminution has pro- 
gressed with great regularity ; in 1795 the periodic time was 
1212. 55d., in 1822 it was 1211.66d., in 1852 it was 1210. 65d., 
and in 1865 it was reduced to 1210.22d. 

It would seem, if the retardation spoken of, and which 
acts to diminish the periodic time, is due to a resisting 
medium, that it would produce sitnilai* effects on other 
comets ; but no such effect has been shown. The question 
of the existence of a resisting medium is, and must remain, 
unsettled until further investigations have been made. 

Meteorites. 

237. Besides the bodies already described as members of 
our system, there are undoubtedly multitudes of cosmical 
bodies which are embraced within the Umits of the sun's 
attraction, but which on account of their minute size must 
remain forever invisible and unknown to us, except when 
they come so near the earth as to be involved in her at- 
mosphere ; then, in accordance with well-known physical 
laws, they become heated to such an extent as to make 
them luminous and consequently visible. These bodies will 
be considered under the general name of meteorites ; as 
we shall see hereafter, these bodies, as well as the planets, 
are subject to the law of universal gravitation ; they also 
possess all the attributes of terrestrial matter, and like it are 
subject to the same physical laws. 

When a very small meteorite enters our atmosphere it 
becomes incandescent and is visible for a short time, as it 
moves along its path, constituting what is called a shoot- 
ing star. When the meteorite is larger and when it be- 
comes inrolFed in a denser portion oi \Xv^ ^\»\CL<;i%^Jwst^^>iv» 
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presents the appearance of a brilliant planet; it is fre- 
quently followed by a train of greater or less extent, and 
oftentimes it explodes with more or less violence ; it is then 
called a fire-balL When the meteorite is still larger it fre- 
quently escapes destruction in the atmosphere and falls to 
the earth, either as a unit, or, after one or moife explosions, 
in fragmentary portions ; the masses that reach the earth 
are called aerolites. All these phenomena are styled 
meteoric, and it is probable that they are all essentially 
identical 

Shooting Stars. 

238. The phenomenon of a shooting star is by no means 
a rare one. It is within the experience of every one who 
has watched the heavens for a single hour that shooting 
stars are of constant occurrence. 

Ordinarily a bright point of light, resembling a star, 
shoots along the sky for a certain distance and then disap- 
pears from view. Sometimes it leaves a faint train behind 
it which continues visible for a short time after the stellar 
point, or micleus, has disappeared, much as a rocket marks 
its course by the train of light which it leaves along its 
path. Shooting stars of this kind can be seen every faur 
evening, and usually as many as four or five are visible 
every hour. At certain times they are so numerous as to 
constitute what is called a meteoric shower. 

Meteoric Showers. 

239. Many meteoric shojvers have been noticed, the most 
striking of which are of periodical occurrence. Among the 
most remarkable of these periodic showers is that which 
takes place about the 13th of November, and that which 
happens about the 10th or 11th of August. The November 
meteors are most numerous at intervals of 33 or .34 years ; 
the August meteors are visible evexy -^e^is \ \}ca teajsona of 
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these yariations will be apparent when we come to explain 
the theory of their occurrence. 

Ordinary shooting stars are believed to be due to individ^ 
ual meteorites ; meteoric showers are accounted for by sup- 
posing that innumerable streams of meteorites are re- 
volving around the sun in regular orbits, and subject, like 
other bodies of the solar system, to planetary perturbation. 
These streams are often of enormous breadth, perhaps mil- 
Uons of miles, and the meteorite masses are supposed to be 
distributed along them, either uniformly, or in condensed 
groups. It is further supposed that the earth's orbit inter- 
sects some of these streams, and that meteoric showers oc- 
cur when the earth is passing these points of intersection. 

When the earth passes through a part of the stream where 
the meteorites are sparsely distributed, the corresponding 
shower is inconspicuous ; but when it passes through the 
denser regions of the stream, the meteoric display is exceed- 
ingly brilliant. 

It is undoubtedly the case that there are multitudes of 
these streams which are not intersected by the earth's orbit, 
as well as others which are just grazed by it, or through 
which it passes excentrically. 

The cause of ^ meteor's becoming luminous is easily 
explained. Whenever a meteorite enters the Earth's atmos- 
phere, which it usually does with planetary velocity, it 
experiences a resistance, whether by friction or by collision 
with the aerial particles, by virtue of which its velocity is 
diminished ; and in accordance with a law of physics a por- 
tion of the body's energy of motion is converted into heat, 
which soon renders the body incandescent. 

The varied circumstances of size, velocity, and direction 
of motion serve to explain all the irregularities of appear- 
ance presented by these remarkable bodies. There is good 
reason to believe that a great majority of them are very 
small, in fact mere particles of cosmical dust ; these are 
totaUj consumed in their transit tYiio\x^ ^Jci^ ^\x!DlQ!%»^^^'^- 
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Some are larger, and tbey may be either consumed in the 
atmosphere, or they may escape total destruction and con- 
tinue their motion through space ; others again may enter 
our atmosphere in such a direction that their relative 
velocity with respect to the earth is comparatively small, 
and these may fall to the earth with little or no physical 
change. 

November Meteors and Tempers Comet. 

240. A remarkable shower of meteors took place on the 
13th of November, 1799. It was visible over the greater 
part of North and South America, having been witness^ 
by the Moravian missionaries in Greenland, and by Hum- 
boldt, who was then traveling in South America. 

In Humboldt's description of the phenomenon, he says : 
** Towards the morning of the 13th we witnessed a most 
extraordinary scene of shooting meteors. Thousands of 
bodies and falling stars succeeded each other for four hours. . 
Their direction was very regular from north to south. 
From the beginning of the phenomenon there was not a 
space in the firmament equal in extent to 3 diameters of 
the moon which was not filled every insiant with bodies or 
falling stars. All the meteors left luminous traces or phos- 
phorescent bands behind them, which lasted seven or eight 
seconds.'' 

Mr. Ellicott, who witnessed the display from a vessel in 
the Gulf of Mexico, says: *^The phenomenon was grand 
and awful. The whole heavens appeared as if illuminated 
with sky-rockets, which disappeared only with the light of 
the sun, after daybreak. The meteors, which at any one 
instant of time appeared as numerous as the stars, flew in 
all possible directions, except /roTW the earth, towards "which 
they were all inclined, more or less ; and some of them 
descended perpendicularly over the vessel we were in, so 
that J was in constant expectation oi VXievc laSKwi^wjL w%*' 
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Meteoric showers took place on the 13th of November, 
in 1831 and 1832» but the most interesting display was on 
the 13th of November, 1833. It was, like the shower of 
1799, visible over a large part of America, especially in the 
United States, where it commenced about midnight and 
continued till morning. 

Its character was similar to that described by Humboldt ; 
its effect on the minds of the negroes is thus described 
by a Southern planter : " I was suddenly awakened by the 
most distressing cries that ever fell on my eairs. Shrieks of 
horror and cries for mercy I could hear from most of the 
negroes of three plantations, amounting in all to about 600 
or 800. While earnestly listening for the cause, I heard a 
faint voice near my door calling my name. I arose, and 
taking my sword, stood at the door. At this moment I 
heard the same voice still beseeching me to rise, and saying 
* Oh, my God, the. world is on fire ! ' I then opened the 
door, and it is difficult to say which excited me most, the 
awfulness of the scene or the cries of the distressed negroes. 
Upwards of one hundred lay prostrate on the ground, some 
speechless, and some with the bitterest cries, with their 
hands raised, imploring God to save the world and them. 
The scene was truly awful, for never did rain fall much 
thicker than the meteors towards the earth ; east, west, 
north, and south, it was the same." 

From about 2 o'clock for a period of two or two and a 
half hours the number of meteors which fell was too great 
for computation. They were of all sizes, from mere phos- 
phorescent points up to the most magnificent fire-balls. It 
was found, by tracing back their luminous paths, that they 
all seemed to emanate from the neighborhood of the star 
y Leonis, and this without reference to its altitude. The 
various reports of this meteoric display were collated by Prof. 
Olmstead of New Haven, and by Prof. Newton, who was led 
to examine the previous records of similar showers. Abun- 
dant evidence was found to esta\A\^ \Xi% \i^v^i ^^isxjbiy "^^^ 
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November meteor showers were of a periodic character, and 
a return of the pheuomenon was predicted in 18GG. At this 
time, the heavens were carefully watched by many observers 
on both continents. 

The number of meteors seen in America was not as great 
as had been expected, but the display in Europe, though 
not so grand as those that have been described, was ex- 
ceedingly striking. It was estimated that 10,000 meteors 
were observed at Greenwich, all of which seemed to radiate 
from a point between y and t Leonis. Mr. Dawes, who 
observed the phenomenon, says that 2,800 meteors were 
counted by himself and one assistant looking toward 
the east in the course of 2} hours, while another as- 
sistant looking west counted, about 400 an hour until he 
became bewildered by six or seven bursting out simulta- 
neously. 

From all the data that can be gathered it appears that 
the great November showers occur at intervals of 33 or 34 
years, but that minor showers take place on the 13th of 
November for a few years both before and after the 
maximum displays. From these facts it is inferred that the 
November meteors are due to a ring or stream of meteorites 
circulating around the sun, through which the earth passes 
on or about the 13th of November each year; the exti'aor- 
dinary showers are supposed to correspond to the passage 
of the earth through a part of the stream where the meteor- 
ites are densely packed, and which is believed to be some 40 
or 50 millions of miles in length ; in ordinary years the 
path of the earth is through portions where the meteorites 
are fewer in number. 

The orbit of this stream of meteorites has been computed 

with considerable accuracy, and it is found to be very 

nearly the same as that of Temple's comet, which passed 

its perihelion in January, 186^, «ka ^\\\ \iei ?.^^ii trom the 

following table : 
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Meteors. ComeU. 

Longitude of perihelion 66^26' 60°28' 

Longitude of ascending node 231^28' 231^26' 

Inclination to ecliptic 17°45' 17°18' 

Excentricity 0.9046 0.9054 

Perihelion distance '. . 0. 9873 0.9765 

Period 32.25y. 32.18y. 

Motion retrograde retrograde. 

Its aphelion distance is somewhat greater than the dis- 
tance of Uranus, so that this meteoric stream and its ac- 
companying comet belong to the Uranian group. 

The fact of the comet's orbit coinciding so nearly with 
that of the meteoric stream seems to indicate a connection 
of some kind: whether the comet consists of a compacted 
mass of the meteorites constituting the stream, or whether 
the meteorites have resulted from the disintegration of a 
comet which was once far larger than Tempel's comet, is 
perhaps undecided. 

The August Meteors and the Third Comet of 1862. 

241. The August meteors are less striking than those of 
November, but they are more regular in their appearance. 
Every year from the 9th to the 12th of August an un- 
usual number of meteors may be seen, whose paths on 
being traced back are found to intersect at a point in the 
constellation Perseus. This point, which is called the ra- 
diant point, has caused the August meteors to be called 
Perseids, and for a similar reason the November meteors, 
which radiate from a point in Leo, are called Leonids. 

It is inferred that the August meteors are due to a stream 
of meteorites of enormous extent through which the earth 
passes about the 10th or 11th of Augvxst \ it \^ ^^Q\:i^<i^^^ 
that the meteorites which constitute t\i\^ «>tt^^TCL ^x^ Ts^sst^ 
equably distributed than ia the liJoyeinbet ^tac^Msi* 
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Fig. 104. Orbit of the Au>(U«t 
meteors. 



The orbit and the extent of 
this stream^ which is shown in 
Pig. 104, were investigated by 
Schiaparelli, who found that in 
some of its elements it was 
closely analogous to the third 
comet of 1862, sometimes called 
Tattle's comet. The extent of 
this resemblance is shown in the 
following table of elements : 

TuUU*8 August 
comet, meieon. 

Longitude of perihelion 844«4(K 848'*38' 

Longitude of ascending node 138''15' 137*>37' 

Incline to ecliptic 66'»25' 63"^ 

Perihelion distance 9626 .9648 

The excentricity of the me- 
teoric orbit is such as to throw 
its aphelion point beyond the 
orbit of Neptune, so that this 
group of meteorites, and perhaps 
also Tuttle's comet, belong to 
what we have- already spoken of 
as the Neptunian group of 
comets. 

It is believed that other mete- 
oric streams are, in like manner, 
closely related to corresponding 
comets. 



Heights at which Shooting Stars are Seen. 

The most systematic attfcTcv^\» \» ^&^^\\^\^ \3wb 
Aeicrht above the earth at w\uc\v a A^oo'cvti^ %\aa ts^s^N*. 
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seen was that made by the officers of the U. S. Naval Ob- 
servatory on the occasion of the November shower in 1867, 
and which is alluded to by Prof. Newcomb in his Popular 
Astronomy. 

He says that Prof. Harkness was sent to Richmond to 
map the apparent paths of the brighter meteors there visi- 
ble, which were afterwards compared with their apparent 
paths as seen from Washington. Prof. Newcomb says : 
**The general result was that they were first seen at an 
average height of 75 miles, and disappeared at a height of 
55 miles. There was no positive evidence that any meteor 
commenced at a height much greater than 100 miles." 

Motions of Shooting Stars Described. 

243. Some shooting stars move so rapidly that the eye 
can scarcely follow them, whilst others remain visible for a 
considerable fraction of a minute, moving so slowly that 
their path can easily be traced out amongst the stars. Some 
move at the rate of 40 to 50 miles a second, whilst others 
travel no more than one-fourth or one-fifth as fast. 

Some describe arcs of but a few degrees in extent, others 
are visible through more than 90° of arc. Some are so 
small as to be almost evanescent, others are more brilliant 
than the brightest star or planet. 

It is to be noted that meteors, as a general rule, and this 
is especially the case with these constituting a meteoric 
shower, are more numerous after midnight than before. 
This fact is explained by the circumstance that we are at 
that time on the hemisphere of the earth which is turned 
toward the direction in which the earth is moving in its 
journey around the sun. 

Fire-balls. 

244. Pire-ba]]5, as already intimated, ate ^\mA\ax Vq ^<ci<^V 
ing stars, only much larger. They oiteiv a^^e^x Vo \i^ \:^^».^ 
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as large as the moon, with long and brilliant trains, and 
sometimes they appear to burst like a rocket. Not infre- 
quently they are so bright as to be seen in broad daylight 
Arago gives a list of more than 650 fire-balls, of which 
nearly half have appeared during the present century. 

The following quotation from his list shows some of the 
leading characteristics of this peculiar species of meteor: 
** 1836, February 12, at 6h. 27m. in the morning, a fire-ball 
was seen at Cherbourg moving from the east. Its appear- 
ance was that of a ball of fire, and to the naked eye it 
seemed to have a disk nearly equal to that of the full moon. 

^^It was of a purplish color, and its light was intense 
enough to illumine the entire horizon, so that people could 
read in the streets as though it were broad day. It was sur- 
rounded by a whitish envelope, which was obscured at a sin- 
gle point by vapor emitted from the ball. It seemed to be 
no more than 900 feet above the hills ov^r which it passed. 
On its first appearance it moved at the rate of half a league 
per minute with a well-marked rotation on an axis. 

'*It seemed to stop for a time, and then moved on with 
the speed of an arrow, falling to the earth at the distance 
of 12 leagues with an explosion similar to that of a salvo of 
artillery. It had a train of a whitish color that narrowed 
down to a point." 

Chambers quotes the following description of a fire-ball 
seen by Rev. T. W. Webb in Herefordshire, England, on 
the 12th of November, 1861: ^^ About 5h. 45m. ... we 
were walking, a party of three persons, along a wide turn- 
pike road, fully lighted by a moon 10 days old, when we 
were surrounded and startled by an instantaneous illumina- 
tion, not like lightning, but rather resembling the effect of 
moonlight suddenly coming out from behind a dark cloud 
in a windy night ; it faded very speedily, but on looking 
up we all perceived at a considerable altitude, perhaps 60° 
or 70°, a superb mass oi ^re, sw^e^m^ wi-^^x^^sLxi^tssJIm^ 
slowly in a curved patla down t\i^e ^o\3i\.\oN^^\.^'rcL^'^. 
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" Its form was that of a pear, or more precisely an in- 
verted balloon, and its size probably 30' by 15' at first, if 
not more ; but it gradually diminished, and by the time it 
had attained the middle of its course it may not hive ex- 
ceeded 20' by 10'. Its light was a beautiful blue, resem- 
bling, though far surpassing in vivid intensity, the hue of 
the asteroid Flora as we saw it many years ago with the 
7-inch object-glass of the telescope now at the Greenwich 
Naval School. 

'* Ruddy sparks, of the color of glowing coals, were left 
behind at its smaller end, and its path was marked by a 
long pale streak of little permanency. . . . The whole 
duration may have been as much as 5 seconds. Its aspect 
was decidedly that of a liquefied and inflamed mass, and the 
immediate impression was that of rapid descent ; but as its 
apparent magnitude diminished so much, it is not improba- 
ble that it was in reality moving in a course not greatly 
inclined to the surface of the earth." 

Humboldt, after saying that smoking luminous fire-balls 
are sometimes seen, even in the brightness of tropical day- 
light, equaling in size the diameter of the moon, gives the 
following fact : "A friend of mine was in the year 1788 at 
Popayan, a city which is in 2° 26' N. lat. and at an eleva- 
tion of 5,583 ft. above the sea, and at noon when the sun 
was shining brightly in a cloudless sky, saw his room 
lighted up by a fire-ball. He had his back turned to the 
window at the time, and on turning around perceived that 
a great part of its path was still illuminated by the brightest 
radiance." 

In the month of July, 1860, a remarkable fire-ball passed 
over the State of New York and part of New England in 
the early evening, which was seen by thousands of people. 

It entered the United States near Niagara Falls, and 
moving a little south of east crossed the entire State of 
New York, leaving it in the neighboiVioodL olXov^^x%\ *^ 
w»$ seen passing over the soutliwestetTv ^otV ol C»o\!a;L^<^^\w^ 
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and across Long Island Sounds and was finally seen at sea 
nearly 400 miles east of Montauk Point. 

To the observers along its path it seemed on the point of 
falling to the earth, but it is believed that it escaped de- 
struction, and after passing through our atmosphere con- 
tinued its path through space. This body was of enormous 
size, some observers of good judgment estimating its actual 
diameter to be as great as half a mile. 

Aerolites. 

245. In most cases the material substances constituting 
shooting stars are so far consumed that no part reaches the 
earth, unless it be in the form of an impalpable powder or 
dust. Occasionally, however, solid metallic or mineral 
masses fall to the earth, giving us an opportunity to study 
the physical constitution of these extra-terrestrial masses 
of cosmical matter. 

The chemical elements of which aerolites are composed 
are the same as are found in terrestrial bodies ; some of the 
most important of these are iron, nickel, cobalt, manganese, 
chromium, copper, arsenic, zinc, potassium, sodium, sul- 
phur, phosphorus, and carbon. The manner in which these 
elements are combined is in some cases such as to give a 
somewhat peculiar feature to the mineral compounds which 
are found in these bodies, and it is frequently the case that 
the forms of crystalline aggregation which they offer are 
different from our teiTestrial minerals. These peculiarities 
have enabled scientists to identify many mineral masses that 
have been found, from time to time, as belonging to the 
class of meteorites. 

The crystalline structure of some of the aerolites is 
shown in Fig. 105. 

In many specimens the principal elements are iron and 
nickel ; in some cases the amount of iron is no less than 96 
per cent, pf tb^ entire mass ; they are also frequently richer 
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in Djckel than our ftnest nickel ores. In other Bpecimene 
the elements are pnncipally of an earthy character, scarcely 
2 per cent of iion being present. Some are largely com- 
posed of phosphurua iron and nickel, and some of com- 
pounds of Bulphur and magnetic pyrites. But in no case 
has any element been discovered that is not recognized as a 
terrebtnal substance 




by mlDg B HcUon 



As an illustration of the composition of the ferruginous 
class of aerolites, we may cite the case of a meteoric body 
that was found by Gen. Carlton, of tlie U. S. Army, in 
Arizona. This body was found in 1864, and is now in pos- 
session of the Society of Pioueersof San Francisco. It is over 
i feet in length, and it weiglis C32 lbs.; at the time of ita 
discovery it was used by the Indians as a sort of anvil, 
on which they hammered out their rude copper implements, 
A portion of this aerolite has been analyzed by Prof. Brush 
of Yale College, with the following result: 
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Percent, 

Iron 81.56 

Kickel.... 9.17 

Cobalt 0.44 

Copper 0.08 

Phosphorus 0.49 

Silica 3.63 

Protoxide of Iron 0.12 

Lime 1.10 

Magnesia 2.43 

99.02 
with traces of alumina, chlorine, sulphur, and chromium. 
Most aerolites when found are coated by a thin crust of 
fused material, which has a glossy, pitch-like appearance; 
this crust is indicative of the sudden and intense heat to 
which they have been exposed in their transit through our 
atmosphere. The crust is usually separated from the in- 
terior mass by a well-marked surface, and as a general thing 
the interior nucleus bears no trace of fusion. 

Size of Aerolites. 

246. The sizes of aerolites vary from the minutest par- 
ticles up to masses weighing hundreds of pounds. An 
immense one was discovered in Siberia weighing 1,680 lbs., 
which now forms an attractive feature in the Imperial 
Museum of St. Petersburgh. A specimen weighing about 
1,400 lbs. was found in Brazil and sent to England, being 
at present in the British Museum; this is supposed to be 
only a fragment of an enormous body, of which a still 
larger portion has never been removed. The great a( rx)lite 
found in Arizona, and already referred to, weighs more 
than 600 lbs. 

The aerolites above mentioned were not seen to fall, but 
are known to belong to this cVaiaa ol\io^\fe'e>\s^ 'Oci^xt^^ix^ 
cbaracteristicQ. Besides these a\\^ xiwxcXiet^ vi^ ^'OftKt^ ^\\^^ 
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character, there are multitudes scarcely less in magnitude 
which have been seen to strike the earth. 

Arago gives a catalogue of 237 which have fallen since 
the beginning of the Christian era, most of which belong to 
modern times. Of these we may mention an aerolite which 
fell at Vouille in 1831, and which weighed 45 lbs.; one fell 
at Chantourney in 1812, weighing 76 lbs.; one at Juvenas 
in 1821, whose weight was 207 lbs., and one in New 
Grenada in 1810, which weighed 1,688 lbs. The last was 
composed of 92 parts of iron and 8 parts of nickel ; it had 
no external crust and was only a fragment. 

The fall of these bodies has not been unattended with 
danger to property and to life. A stone is said to have 
fallen in China in the year 606, which killed ten men and 
did other damage. In 1764 an aerolite fell on the deck of a 
ship in the Dutch East India service, which killed two 
sailors. About the same time one fell in Milan, killing a 
Pmnciscan monk. 

The chemist Laugier left in his cabinet a splinter of an 
aerolite which was said to have fallen in Rockford (in the 
United States) ; this stone killed a farmer, destroyed a cot- 
tage, and was buried six feet in the earth. On the 7th of 
March, 1618, the Palais de Justice, in Paris, was burned, 
supposed to have been set on fire by a falling meteor ; and 
in 1761 a house was burned at Chambleau, having been set 
on fire in like manner. Many other instances of accidents 
from these bodies have been recorded. 

Remarkable falls of Aerolites. 

247. The following instances of remarkable falls of aero- 
htes are taken from Prof. Kirkwood's valuable work on 
Comets and Meteors : 

In 1795 a large meteoric stone fell iu Yorkshire, En^- 
Jand. Several persons heard the report o^ wtv virL>^^i\wv'va. 
the air, followed by a hissing sowivd, axvdi ^tet^q^T^ ^^ '^ 
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shock as of a heavy body falling to the ground. A plow- 
man saw a stone fall, throwing up the mould on every side. 
It penetrated the soil, lodging in the chalk rock below. 
When raised it was found to weigh 56 lbs. The noise of 
the explosion was heard over a considerable district. 

A fall of aerolites happened at L'Aigle, France, on the 
26th of April, 1803. At 1 o'clock a tremendous noise was 
heard, and at the same time an immense fire-ball was seen 
moving through the atmosphere with great rapidity. A 
violent explosion followed, which was heard for seventy 
miles around. A great number of meteoric stones fell to 
the earth, of which about 3,000 were picked up ; the largest 
of them weighed 17 pounds. 

Early in the present century a large meteor exploded over 
Weston, Connecticut, just after daybreak. Its apparent 
diameter was half that of the full moon, and its time of 
flight was about 30 seconds. Within less than a minute 
from the time of its disappearance three distinct reports 
like discharges of artillery were heard, and each explosion 
was followed by a fall of stony fragments, which when first 
found were so soft as to be easily pulverized between the 
fingers. 

On the 1st of May, 1860, a shower of meteoric stones fell 
in Guernsey county, Ohio. The meteor passed over at 1 
o'clock, P.M., and was disrupted by a succession of explo- 
sions. As a result, a shower of stony fragments fell over • 
an area of about ten miles in length and three miles in 
width. The largest piece picked up weighed 103 lbs. ; it 
struck the earth at the foot of an oak tree, and after cut- 
ting off two roots, one five inches in diameter, and grazing 
a third, it penetrated a bed of hard clay to a depth of two 
feet and ten inches. 



XII. THE SUN AND THE STARS. 

The Sun's Rank among the Stars. 

248. The sun is one among a vast host of similar bodies 
that we have called fixed stars, and it is not supposed that 
he diflfers in any material respect from the other individuals 
of his class. 

It is believed with good reason that he is neither one of 
the largest nor one of the smallest of these bodies ; so that 
if he were removed to a distance from us equal to that of 
the other stars he would appear no brighter than they. 

If he were placed at a distance from us equal to that of 
the nearest star, he would subtend an angle of less than a 
Imndredth part of a second of arc, that is, he would appear 
no larger than would a globe one foot in diameter at a dis- 
tance of 4,000 miles ; hence, his disk would have no appre- 
ciable diameter even in the most powerful of our telescopes. 

Apparent Proper Motions of the Stars. 

249. As stated in Art. 42, many of the stars have proper 
motions sufficiently great to admit of measurement. This 
fact was suspected as early as 1717 by Halley, who com- 
pared the places of the three prominent stars, Sirius, 
Arcturus, and Aldebaran, as determined by the observa- 
tions of the earlv Alexandrian astronomers, with their 
known positions at the time of making the comparison. 

After making due allowance for changes in the positions 
of the vernal equinox and the equinoctial, the result indi- 
cated that these stars had moved iiv t\\e 'wvV^^-s^ ^"t^^xi.'^ 
arcs of 37', 42\ and 33', respectWeVy. Ixv^rnxxOcv ^% ^^ 
U 
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ancient observations must have been very defective, but 
little reliance could be placed on the corresponding rates 
of motion; the fact that the stars had actually moved 
through considerable distances was, however, undeniable. 

Observations made since the time of Halley, with im- 
proved instruments, show that many other stars have an 
apparent proj^er motion, though but few have been discov- 
ered whose annual change of position exceeds a single 
second of arc. Of these the following are some of the 
most conspicuous. The star 1830 of Groombridge's cata- 
logue moves at the rate of more than 7" per year ; the star 
fi CassiopeiaB moves more than half as fast ; and the star 
a Centauri has a motion nearly equal to that of fi Cas- 
siopeiae. 

Among the rapidly moving double stars we may mention 
61 Cygni, whose components are separated by an arc of 
about 15". It is found that the apparent proper motion of 
each of the components is more than 5" a year, but that the 
distance between them remains unchanged. 

Secchi, in speaking of the relation between proper mo- 
tions and magnitudes, says that there are some quite small 
stars that have a large proper motion ; but when a great 
number of stars are considered, he lays it down as a general 
rule that the largest stars have the largest proper motions, 
and for equal magnitudes that double stars have a greater 
proper motion than single ones. 

The directions in which different stars are moving are 
widely different. Mr. Proctor, who has bestowed much at- 
tention on the subject, thinks that he has discovered a ten- 
dency among stars belonging to certain natural groups to 
move in a common direction. Thus, he finds that five of 
the seven stars forming the dipper, viz., P, y, 6, e, and f, 
are moving in a common direction, while the other two, a 
and 7j, are moving in the opposite direction ; the first five, 
with certain minor companions, constitute a common sys- 
tem to which the other two do not belong. Again, in the 
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Pleiades about oue-half of the stars are Dioving in a com- 
mon direction, and the remaining ones in an entirely dif- 
ferent direction. 

These various motions are so small that their effects are 
scarcely perceptible in a single generation, but in the course 
of ages they must cause a complete change in the aspect of 
the heavens. 



Applications of Photogp-aphy. 

250. The relative motions of the stars were, until quite 
recently, determined by the ordinary methods of right 
ascensions and declinations, or else by the aid of the posi- 
tion micrometer. Within a few years, however, the method 
of photography has been gradually coming into use, and for 
many purposes it bids fair to supersede all others. 

Photography has been employed in the investigation of 
solar phenomena, with continually increasing success, for 
more than a quarter of a century. By its use in this direc- 
tion, under the lead of such men as Rutherford and De la 
Rue, new light has been thrown on the question of periodi- 
city in the changes of the sun's surface, eclipse phenomena 
have been investigated, the solar spectrum has been mapped 
even beyond its visible limit, and recently, under the skil- 
ful manipulation of Janssen, photographs of the solar pho- 
tosphere have been obtained, which afford facilities for the 
study of that important envelope that can be attained in no 
other way. 

Its application to the study of the stars received its first 
great impulse in 1864, when Mr. Rutherford began the 
construction of an object-glass which should be corrected 
for actinic or photographic rays in the same way that an 
ordinary objective is corrected for visual rays. When 
finished this lens had an aperture of 11} inches and a focal 
length of nearly 14 feet. Lockyer says : ^^ With this he 
obtained impressions of ninth magnitude stars, and "within 
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aa area of a square degree in Prsesepe in Cancer twenty- 
three stars were photographed in three minutes' exposure. 
Castor gave a strong impression in one second, and stars of 
2" distance showed as double. But even with this method 
Mr. Rutherford was not satisfied. Coming back to the 
ll:|^-inch object-glass which he had used at first, he deter- 
mined to see whether or not the addition of a meniscus 
lens outside the front lens would not give him the requisite 
shortness of focus and bring the actinic rays absolutely 
together. By this arrangement he got a telescope which 
can be used for all purposes of astronomical research, and 
he has also eclipsed all his former photographic eflforts." 

To desc]*ibe the details of photographing groups and 
clusters would exceed our assigned limits ; suffice it to say, 
that his process enabled him to obtain impressions of stars 
down to the tenth magnitude with such distinctness that 
their relative positions could be determined to the greatest 
degree of accuracy by means of an ingenious arrangement 
of powerful microscopes. 

This method of photography cannot fail to be of the 
utmost value to future astronomers in determining the 
apparent motions of the stars. 

Proper Motion of the Sun. 

251. We have seen that many of the stars appear to be 
moving through space, and it is but reasonable to suppose 
that a part, at least, of their seeming motions is due to an 
actual motion of the sun, and consequently of the entire 
solar system. 

If the stars were alisolutely at rest and the sun moving in 
a definite direction, it is obvious, from the principles of 
perspective, that the stars would appear to move in paths 
(liverging from the point of the celestial sphere toward 
w)}jch the Sim was moving ai\d com^crging to the oi^posite 
point. The stars, however, *aYe not ?Lt \^^t,\s>a\. ^x^ xsvwww^^ 
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as we have reason to believe, in every possible direction; it 
seems highly probable that these motions are such as to 
neutralize each other's effects so far as regards the sun's . 
proper motion in space. Hence, if we find that the average 
tendency of the stellar motions is aioay from some definite 
point of the heavens and toward the opposite point, we may 
fairly infer that the former point is that toward which our 
system is drifting. 

Sir William Herschel investigated the matter in 1788, 
and from the slender data at his command, he concluded 
that the sun is moving toward a point near the star k Her- 
culis. More than half a century later, Argelander, from 
more reliable data, inferred that the sun is moving toward 
a point also in the constellation Hercules, but at a little 
distance from that indicated by Herscliel. These conclu- 
sions have been substantially confirmed by the more recent 
investigations of Struve, Galloway, Airy, and other eminent 
astronomers. 

It is now pretty generally conceded that the entire solar 
system is moving toward some point of the constellation 
Hercules; according to Airy, its annual rate of motion is 
158 millions of miles. 

Distances of the Stars. 

252. It is shown in Art. 70 that the distance of a fixed 
star from the sun is equal to 92,500,000 miles divided by 
the star's annual parallax. Hence, the determination of 
a star's distance must depend upon our ability to measure 
its parallax. In attempting this measurement, astronomers 
have generally directed their attention to those stars which 
have a large proper motion, and which are at the same 
time in the immediate neighborhood of others that have 
no appreciable proper motion, and which are therefore pre- 
sumably without a parallax. 

The ordinary method of proceeding coxvwv^\.% \\\ \sv.^'^^>^'^«^^ 



318 ASTRONOMY. 

the directions and distances of the star in question from 
two or more of the immovable ones, at all seasons of the 
year, by means of the position micrometer, or by some 
equivalent method; from these measurements the parallac- 
tic path, and consequently the parallax of the star, may be 
deduced. 

In this manner it has been found that the star a Cen- 
tauri has a parallax of 0''.913 ; 61 Cygni has a parallax of 
0''.348; a Lyrae, one of 0".261; Sirius, one of 0".230; 
Arcturus, one of 0'M27 ; and Polaris, one of less than 0".l. 
It is to be noted that the parallaxes above given are only 
approximate. 

A parallax of 1" corresponds to a distance so great that 
it would require 3.22 years for light to traverse it. Hence, 
the stars named above are so far distant that their light 
only reaches us after the following intervals : a Centauri, 
3i years ; 61 Cygni, 9^ years ; a Lyi'ae, 12^ years ; Sirius, 
14 years ; Arcturus, 25^ years ; and Polaris, more than 32| 
years. 

Sir John Herschel, in speaking of the distribution of 
the stars, says that it is but fair to conclude that there are 
innumerable individuals that were visible as stars in the 
great telescope which was employed by his father and him- 
self in gauging the heavens, whose light must have occupied 
2,000 years in reaching us. 

Velocity of the Stars. 

253. The actual path of a star in space is generally 
oblique to the line of vision, that is, to the line drawn from 
the star to the observer; we may therefore regard its 
velocity as made up of two components, one at right angles 
to the line of vision and the other coinciding with it. 

The former component can easily be found when we 
know the distance of the star and its corrected proper mo- 
tion, that is^ its apparent proper motion corrected for the 
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actual proper motion of the sun. The only known method 
of finding the latter component is by means of the spectro- 
scope. This method is based on principles that are easily 
understood. 

The color of a homogeneous ray of light, and consequently 
its degree of refrangibility, depends upon the number of 
vibrations that strike the eye in a given time, say in one 
second. If the number of these vibrations is increased in 
any manner, the ray becomes more refrangible, and when 
deviated by a prism it will be thrown forward toward the 
violet end of the spectrum ; if the number of vibrations is 
diminished, the ray becomes less refrangible, and when 
deviated it is thrown backward toward the red end of the 
spectrum. 

Now, let us suppose a star to contain some known physi- 
cal element, say hydrogen. If the star is at rest, any one 
of the corresponding dark lines in its sj)ectrum will occupy 
a definite position ; if the star is moving toward the ob- 
server, the number of vibrations that fall upon the prism 
in a second will be increased, and the dark line in question 
will be thrown forward toward the violet end, of the spec- 
trum ; if the star is moving aivay from the observer, the 
number of vibrations in a second will be diminished, and 
the dark line will be thrown backward toward the red end 
of the spectrum. 

In any given case, the direction and the amount of dis- 
placement are determined by a comparison spectroscope : 
then, the velocity of the star, either to or from the observer, 
is computed in accordance with the principles of optics. 

The total velocity is equal to the square root of the sum 
of the squares of its two components. The direction in 
which the star is actually moving may be found by the 
simple principles of geometry. 
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Spectroscopic Classification of Stars. 

254. Secchi divided the stars into four classes, which he 
called types, the basis of classification being the character 
of their spectra. 

I. The first class embraces the white or azure-tinted 
stars, such as Sirius, a Lyras, and all the stars of the dip- 
per except a. 

The spectra of these stars are almost continuous, with 
the exception of four strongly marked black lines which are 
the absorption lines of hydrogen ; they also show traces of 
the sodium, magnesium, and iron lines. 

II. The second class includes the yellow stars, such as 
Capella, a Ursae Majoris, Pollux, and the Sun. 

The spectra of these stars are perfectly similar to the 
well-known solar spectrum ; they are characterized by a 
great number of fine black lines, among which those of 
sodium, hydrogen, and iron are very conspicuous. 

III. The third class includes the orange-colored and the 
ordinary red stars, such as a Scorpionis, P Pegasi, a Her- 
culis, a Orionis, and the like. 

Their spectra are formed of lines and zones, or cloudy 
bands. Secchi says that this kind of spectrum ought to be 
considered as made up of two spectra, one superposed upon 
the other ; one of them is formed of broad zones or bands 
gradually deepening in cloudiness so as to produce the 
effect of the lights and shades of a fluted column, and the 
other is formed of the black absorption lines of the metals. 

IV. The fourth class embraces the blood-red stars, most 
of which belong to the telescopic magnitudes. 

Their spectra are marked by three bands similar to those 
of the preceding class, but twice as wide. They have, how- 
ever, the brighter and well-defined sides of their channel- 
lings turned toward the violet, whereas in the preceding 
class they are turned toward the red. These spectra some- 
what resemble the spectrum of carbon as seen at the mid- 



THE SUN AND THE STABS. 321 

die of the voltaic arc between two carbon points, except 
that in the stellar spectra the well-defined edges of the 
bands are turned toward the violet^ whereas in the carbon 
spectrum they are turned toward the red. 

There are a few stars that are not embraced in any of 
the four classes : of these^ the star y Cassiopeia) gives the 
lines of hydrogen direct, that is, not reversed : this spec- 
trum is not known to be given by any other star in the 
heavens, although something like it was presented by the 
temporary star which appeared in the northern crown in 
the year 1866. 

It is inferred from the nature of these various spectra, as 
compai'ed with those obtained in laboratory work, that stars 
of the first class are much hotter than those of the other 
classes, and that those of the foui-th class are of far inferior 
temperature to any of the others, and furthermore that they 
are surrounded by dense vaporous atmospheres. 



Law of Distribution of Stars. 

k In treating of the distribution of stars, Sir John 
Herschel says: *^If we confine ourselves to the three or 
four brightest classes, we shall find them distributed with a 
considerable approach to impartiality over the sphere ; a 
marked preference, however, being observed, especially in 
the southern hemisphere, to a zone or belt following the 
direction of a great circle passing through e Orionis and 
o Crucis. 

"But if we take in the whole amount visible to the 
naked eye, we shall perceive a great increase of number as 
we approach the borders of the Milky Way. And when we 
come to telescopic magnitudes, we find them crowded be- 
yond imagination along the extent of that belt and of the 
branches which it sends off ; so that in fact its whole light 
is composed of oothing but stars of every magnitude, from 
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such as are visible to the naked eye down to the dmalleSt 
point of light perceptible with the best telescopes.^ 

Form of the Stellar System. 

256. *' These phenomena agree with the supposition that 
the stars of our firmament, instead of being scattered indif- 
ferently through space, form a stratum of which the thick- 
ness is small in comparison with its length and breadth ; 
and in which the sun occupies a place somewhere near the 
point where it subdivides into two principal laminae. 

*' It is certain that, to an eye so situated, the apparent 
densities of the stars, supposing them to be pretty equally 
scattered through the space they occupy, would be least in 
the direction of a visual ray perpendicular to the lamina, 
and greatest in the directions of its length and breadth, and 
increasing rapidly in passing from one to the other direc- 
tion, just as we see a slight haze in the atmosphere thick- 
ening into a decided fog-bank near the horizon by the rapid 
increase of the ipere length of the visual ray. 

" Such is the view of the construction of the starry firma- 
ment taken by Sir William Herschel, whose powerful tele- 
scopes first effected a complete analysis of this wonderful 
zone and demonstrated the fact of its entirely consisting of 
stars. 

" So crowded are they in some parts of it, that by counting 
the stars in a single field of his telescope he was led to con- 
clude that 50,000 had passed under his view in a zone two 
degrees in breadth during a single hour's observation. 

*'^In that part of the milky way which is situated in 10 
hours 30 minutes of right ascension, and between the 147th 
and the 150th degree of north polar distance, upwards of 
5,000 stars have been reckoned to exist in a square degree. 
The immense distances at which the remot-er regions are 
situated will sufficiently account for the vast preponderance 
ol.amaJl magnitudes which are observed in if 
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The Nebular Hypothesis. 



257. The nebular hypothesis is an explanation of the 
manner in which the solar system niay have been evolved 
from a vast nebula by the action of known forces. The 
fundamental idea of the theory was elaborated by Kant, but 
it owes most of its scientific importance to the reasoning 
of La Place, whose name it usually bears. 

According to this eminent scientist, the sun was, at some 
remote epoch, the central nucleus of an intensely heated 
nebula, extending to a distance greater than the remotest 
planet, and having a general motion of rotation from west 
to east. As this fiery mass cooled down it would contract 
in volume, and as a consequence its angular velocity would 
increase. 

A time would ultimat^jly come when the centrifugal 
forces acting on its outer molecules would exactly balance 
the central forces of attraction ; then, as the process of 
contraction went on, these molecules would be left behind, 
forming a great equatorial ring revolving around the in- 
terior nucleus. 

At subsequent epochs, and for similar reasons, other 
separations would take place, giving rise to a succession of 
distinct rings, all revolving in the same direction and situ- 
ated very nearly in one plane. ^ 

The rings thus formed, with a single exception, were 
supposed to be made up of matter unequally distributed ; 
consequently, in cooling down they would contract irregu- 
larly and would finally break up into unequal fragments, 
all revolving in the same direction as the original nebula ; 
in each case, the largest fragment would attract to itself 
all the others belonging to the same ring, and in this way 
there would result a number of revolving nebulous masses 
which would slowly condense into planets. In the excep- 
tional case the matter may have been more uniformly dis- 
tributed, so that the contraction would be more re^ular^ 
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and the fragments into which it separated would be more 
nearly equal ; these fragments, condensing around separate 
centres, would form a ring, or zone, of planetoids. 

The planets, in condensing from their vaporous condition, 
would experience changes analogous to those that were 
supposed to have taken place in the original nebula; these 
changes are supposed to have resulted in the formation of 
the various satellites and the ring of Saturn. 

Admitting that the assumed transformations are in 
accordance with mechanical and physical laws, of .which 
there is considerable doubt, this theory of the evolution of 
the solar system would explain many observed facts. Thus, 
it would explain why the planets and planetoids revolve in 
the same direction that the sun turns on its axis ; but it is 
diflScult to see how it would account for the great inclina- 
tions of the planes of axial rotation, very strongly marked 
in the cases of the Earth, Mars, and Saturn, and still more 
conspicuous in the cases of Uranus and Neptune.. It 
would explain why the angular velocities of the planets 
increase as their distances from the sun diminish ; but it 
would totally fail to account for the fact that the angular 
velocity of the inner satellite of Mars is more than three 
times that of the planet itself. 
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Aberration of light, 96. 
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Adams, Neptane, S67. 
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** remarkable iUIs, 811. 
Algol, variable Btar, 63. 
Anonal parallax, 91. 
Anomalistic jear, 188. 
Anomaly, 187. 
Aphelion, 68. 
Apogee, 118. 
Apparent semi-diameter, 181. 

"* solar time, 106. 
Applications of photography, 816. 
Apsides, line of, 62. 
Aspects of heavens, 63. 
Astronomical clock, 16. 
*" dates, 106. 

** telescope, 19. 
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units, 109. 
Astronomy, a 
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Axis of the earth and heavens, 9. 
Azimuth of a body, 10. 
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Cavendish apparatus, 79. 
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Changes of seasons, 88. 
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Circompolar stars, 83. 
Clock, astronomical, 18. 
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Colored stars, 51. 
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Comets, 270. 

brilliancy, 374. 
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curvature of tail, 378. 

description of, 373. 

disintegration of. 386. 

distribution of, 283. 

head, 378. 

mass and tenuity, 376. 

number of, 373. 

remarkable, 287. 

tails of, 377. 

volumes of, 881. 
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Conjanction, euperior, 60. 
Con8tellatione>, 80. 

northern, 82. 

Bonthem, 82. 

zodiacal, 81. 
Corona of Btm, 170. 
Correction of clock, 18. 
Cracks on moon, 138. 
Cycle, Iniiar, 217. 
" of indiction, 222. 
solar, 219. 
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Day, sidereal, 17. 
'* solar, 105. 
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Dionysian period, 228. 
Dipper, 84. 
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Distribution of snn-spots, 165. 
Diamal motion,. 8. 
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Double stars, 44. 
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Earth, density, 81. 
''*■ dimensions, 75. 
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" form, 7a 
Easter, 217. 
Eccentricity, 62. 
Eclipse, 175. 
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" duration of, 185. 

general, of sun, 182. 
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lunar, 175. 
magnitude, 181. 
partial, 177. 
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Eclipse, solar, 175. 
" total, 177, 188. 
visibility, 190. 
Ecliptic, ]2. 

'' limits, 188. 
lunar, 189. 
obliquity of, 186. 
solar, 177. 
Elements of comet^s orbit, S73. 
" planet's orbit, 142. 
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of Mercury, 226. 
of Venus, 280. 
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" telescope, 28. 
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*' line of, 18. 
" precession of, 18, 95. 
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Evening and morning star, 230. 
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Galaxy, 43. 

Geocentric latitude, 104. 
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parallax, 89. 

place, 135. 

Geographic latitude, 104. 
Globe, celestial, 28. 
Golden number, 217. 
Gra>'itation, law ot 71. 
Gregorian calendar, 215. 
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Hall, satellites of Mars, 889. 
Halley's comet, 287. 

'^ method of parallax, 146. 
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Heavenly bodies, 7. 
Heliocentric latitude, 60. 
•* longitude, 68. 
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Heliocentric parallax, 89. 

place, 185. 
Herschel, Uranus, 264. 

dlBtribntion of stars, 321. 
form of stellar system, 322. 
Horizon, 10. 
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** parallax, 90. 
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" circle, 14. 
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Irregularities of planetary motion, 140. 
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Magnifying power, 21. 
Magnitude of stars, 27. 
Mars, brilliancy, 286. 
" distance from sun, 285. 
" magnitude, 285. 
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synodic period, 286. 
' '' telescopic appearance 287. 
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" solar time, 105. 
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telescopic appearance, 227. 
transits, 228. 
visibility, 226. 
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*' streams, 299. 
Meteorites, 297. 

" remarkable falls, 811. 

Meteors, August, 303. 
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Milky way, 43. 
Mira, variable star, 52. 
Month, calendar, 210. 

lunar, 121. 
Moon, distance of, 118. 

irregularity of motion, 119. 
librations, 125. 
magnitude, 121. 
path, 117. 
periods, 124. 
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Moon, snrfliee, U9. 
MotionBofBim, IS. 

'* Stan, 88. 

Multiple Stan. 44. 



Names of stars, 81. 
Neap tides, 901. 
Nebnlse, 46. 

** classes of, 48. 
'* distribation of, 80. 
Nebular hypothesis, 888. 
Neptane, discovery, 366. 

distance from sun, 368. 
ma^irnitade, 368. 
** periodic time, 368. 
'' sateUites, 369. 
" synodic period, 368. 
New style, 316. 
Newtonian law, 71. 
Nodical period of snn, 80. 
Nuclens of comet, 373. 
•* snn, 158. 
'' snn-spots, 163. 
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Oblique sphere, 66. 
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Old Style, 316. 
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solar, 149. 
stellar, 93. 
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Poles of earth and heavens, 0. 
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Prime meridian. 111. 
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** sun, 816. 
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Protuberances, solar, 168. 
Pyramids, 98. 
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Radiant point of meteors, 806. 
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Rate of clock, 18. 
Reflecting telescope, 31. 
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*' atmospheric, 86. 

Relative orbit of moon, 180. 
Resisting medium, 396. 
Reticle, 30. 

Retrograde motion, 60. 
Reversing layer, 167. 
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" method of finding, 84. 
Right sphere, 58. 
Ring mountains, 181. 
Rings of Saturn, 364. 
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flatoni, rinsi, SBi. 

roMtioD, S68. 
MtdUtes, 888. 
synodic period, S69. 
telescopic appeaisnee, SS8. 
Schwibe, sun-epota, 108. 
SeMons, 81. 
Shooting Stan, 398. 
Sidereal day, 18. 

period, in. 
time, 18. 
year, ISd. 
Signs of sodiac, 81. 
Solar corona, 170. 
" cycle, 219. 
parallax, 145. 
periods, 188. 
" system, B9. 
'" time, 106. 
Solstices, 14. 
Spectroscope, 164. 

Spectroscopic classification of stars, 890. 
Sphere, celestial, 8. 
'' obliqae, 66. 
'' parallel, 54. 
" right, 58. 
Spheroidal form of earth, 66. 
Spiral nebnls, 48. 
Spring tides, 201. 
Stars, 27. 
** catalogaes, 28. 
'' classification, 27. 
"* clusters, 46. 
*' doable, 44. 

maps, 27. 
'* names, 81. 
** parallax, 98. 
** proper motions, 68. 
*^ spectroscopic classification, 820. 
Stellar system, form, 822. 
Sun, constitution of, 168. 
'' distance pf, 149. 
'' heat of, 161. 
magnitude, 160. 
motions of, 12. 
place in system, 135. 
'* rank among the stars, 818. 
'' spots, 161. 
Superior conjunction, 69. 

*' planets, 60. 
Synodic period, 7. 
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Telescope, 19. 
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** causes, 197. 

*' distribution, 199. 

*' diurnal inequality, 908. 

'' modification of, 206. 

'* perigean, 202. 

**^ priming and lagging, 208. 

'* spring and neap, 201. 

*' variations in, 201. 
Time, local, 109. 

'* sidereal, 16. 

** solar, 106. 
Torsion balance, 77. 
Transit, instrument, 28. 

" lower, 14. 

" upper, 14. 
Transits of Mercury, 228. 

'' Venus, 288. 
Tropical year, 188. 
Tropic of Cancer, 67. 

" Capricorn, 67. 
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Unit of distance, 78. 

*^ mass, 78. 

" time, 78. 
Uranus, 264. 

" discovery, 264. 

** distance from sun, 264. 

*' magnitude, 266. 

'* periodic time, 264. 

*' sateUites, 266. 

'' synodic period, 266. 



Variable stars, 62. 
Velocity f light, 149, 261. 

"" stars, 818. 

Venus, 229. 

*' brilliancy. 280. 

** distance from sun, 229. 

'' elongation, 280. 

" magnitude, 229. 

*' periodic time, 229. 

** phases, 280. 

'' synodic period, 229. 

"' telescopic appearance, 282. 

'* transits of, 288. 

'" visibility, 280. 
. Vernal equinox, 12. 
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Week, 211. 

'* days of, 812. 



Tear, anomalistic, 188. 



Tear, sidereal, 188. 
" tropical, 188. 



Zenith, 9. 
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telescope, 100. 
Zodiac, 81. 

' ' constellations of^ 8L 
*' signs ot 81. 
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i( 



ii 



BARNES'S POPULAR HISTORY 
OF THE UNITED STATES. 



By fhe author of Barnes's "Brief Histories for Schools." Complete in one superb 
royal octavo volume of 800 pages. Illustrated with 320 wood engravings and 14 steel 
plates, covering the period from the Discovery of America to the Accession of President 
Arthur. 

Part I. Colonial Settlement ; Exploration ; Conflict ; Manners ; Customs ; Educa- 
tion ; Religion, &c., &c., until political differences with Great Britain threatened open 
rupture. 

Part II. Resistance to the Acts of Parliament ; Resentment of British Policy, and 
the Su<'.ceeding War for American Independence. 

Part III. From the Election of President Washington to that of President Lincoln, 
with the expansion and growth of the Republic ; its Domestic Issues and its Foreign 
Policy. 

Part IV. The Civil War and the End of Slavery. 

Part V. The New Era of the Restored Union ; with Measures of Reconstruction ; 
the Decade of Centennial Jubilation, and the Accession of President Arthur to Office. 

Appendix. Declaration of Independence ; The Constitution of the United States 
and its Amendments ; Chronological Table and Index ; Illustrated History of the 
Centennial Exhibition at Philadelphia. , 

The wood and steel engravings have been expressly chosen to illustrate the customs of 
the periods reviewed in the text. Ancient houses of historic note, and many portraits of 
early colonists, are thus preserved, while the elaborate plans of the Exx)osition of 1876 
are fully given. The political characteristics of great leaders and great parties, which 
had been shaped very largely by tlie issues which belonged to slavery and slave labor, 
have been dealt with in so candid and impartial a manner as to meet the approval of 
all sections of the American people. The progress of science, invention, literature, and 
art is carefully noted, as well as that of the national physical growth, thus condensing 
into one volume material which is distributed through several volumes in larger works. 
Outline maps give the successive stages of national expansion, and special attention 
has been given to those battles, by land and sea, which have marked the military growth 
of the republic. |^°* Specially valuable for reference in schools and households. 

From Prof. S. T. Dutton, Superintendent 
of Schools, New Haven, Conn. 



From Prof. F. F. Barrows, Brown School, 
Hartford, Conn. 

" Barnes's Popular History has been in 
our reference library for two years. Its 
concise and interesting presentation of 
historical facts causes it to be so eagerly 
read by our pupils, that we are obliged to 
duplicate it to supply the demand for its 
use. •* 

From Hon. John R. Buck. 

" I concur in the above." 

From Hon, J. C. Stockwell. 

"I heartily concur with Mr. Barrows in 
the within commendation of * Barnes's 
Popular History,' as a very interesting and 
instructive book of reference." 

From A. Morse, Esq. 
" I cordially concur in the above.*' 
jProm Rev. Wm. T. Gage. 

"I heartily agree with the opinions 
above expressed." 

From David Crary, Jr. 

"The best work for the purpose pub- 
lished." 



" It seems to me to be one of the best 
and most attractive works of the kind I 
have ever seen, and it will be a decided 
addition to the little libraries which we 
have already started in our larger 
schools." 

From Prof. Wm. Martin, of Beattystovm, 
N.J. 

"This volume is well adapted to the 
wants of the teacher. A concise, well- 
arranged summary of events, and just the 
supplement needed by every educator who 
teaches American history." 

From Prof. C. T. R Smith, Principal of 
the Lansingburghf N. F., Aaidemy. 

"In the spring I procured a copy of 
' Barnes's Popular History of the United 
States,' and have used it daily since, in 
preparing my work with my class in Ameri- 
can history, with constantly increasing 
admiration at the clearness, fairness, ana 
vividness of its style and judicious selec- 
tion of matter." 



Prices. Cloth, plain edge, $5.00 ; cloth, richly embossed, gilt edge, $6.00 ; sheep^ 
marble edge, ^.00 ; half calf, |8.00 ; lialf morocco, $8.00 ; fall morocco, gUt, 110.00. 
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THE NATIONAL SERIES OF STANDARD SCHOOL-BOOKS. 

WATSON'S INDEPENDENT 

READERS. 



This Series is designwl to meet a general demand for smaller and cheaper 
books than the National Series proper, and to serve as well for intermediate 
volumes of the National Readers in large graded schools requiring more books 
than one ordinary series will supply. 

Beauty. — The most casual observer is at once impressed with the unpar- 
alleled mechanical beauty of the Independent Readers. The Publishers be- 
lieve that the esthetic tastes of children may receive no small degree of 
cultivation from their very earliest school-books, to say nothing of the impor- 
tance of making study attractive by all such artificial aids that are legitimate. 
In accordance with this view, not less than $25,000 was expended in their 
prepai'ation before publishing, with a result which entitles them to be con- 
sidered *' the perfection of common-school books." 

Selections. — They contain, of course, none but entirely new selections. 
These are arranged according to a strictly progressive and novel method of 
developing the elementary sounds in order in the lower numbers, and in all, 
with a view to topics and general literary style. The mind is thus led in fixed 
channels to proficiency in every branch of good reading, and the evil results of 
"scattering," as practised by most school-book authors, avoided. 

The Illustrations, as may be inferred from what has been said, are ele- 
gant beyonil comparison. They are profuse in every number of the series, from 
the lowest to the highest. This is the only series published of which this 
is true. 

The Type is semi-phonetic, the invention of Professor Watson. By it every 
letter having more than one sound is clearly distinguished in all its variations 
without in any way mutilating or disguising the normal form of the letter. 

Elocution is taught by prefatory treatises of constantly advancing grade 
and completeness in each volume, which are illustrated by woodcuts in the 
lower books, and by blackboard diagrams in the higher. Professor Watson 
is the first to introduce practical illustrations and blackboard diagrams for 
teaching this branch. 
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Foot-Notes on every page afford all the incidental instniction which the 
teacher is usually required to impart. Indices of words refer the pupil to the 
place of their first use and definition. The biographies of authors and others 
are in every sense excellent. 

Economy. — Although the number of pages in each volume is fixed at the 
minimum, for the purpose recited above, the utmost amount of matter avail- 
able without overcrowding is obtained in the space. The pages are much 
wider and larger than those of any competitor and contain twenty per cent 
more matter than any other series of the same type and number of pages. 

All the Great Features. — Besides the above all the popular features of 

the National Readers are retained except the word-building system. The 

latter gives place to an entirely new method of progressive development, based 

upon some of the best features of the word system, phonetics, and object 

lessons, 
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The salient features of these works which have combined to render them so>popular 
may be briefly recapitulated, as follows : — 

1. THE WORD-BUILDING SYSTEM. — This famous progressive method 
for young children originated and was coi)y righted with these books. It constitutes a 
process with which the beginner with words of one letter is gradually introduced to 
additional lists formed by prefixing or alfixing single letters, and is thus led almost 
insensibly to the mastery of the more diflBcult (constructions. This is one of the most 
striking modem improvements in methods of teaching. 

2. TREATMENT OF PRONUNCIATION. — The wants of the youngest 
scholars in this department are not overlooked. It may be said that from the first 
lesson the student by this method need never be at a loss for a prompt and accurate 
rendering of every word encountered. 

3. ARTICULATION AND ORTHOEPY are considered of primary importance. 

4. PUNCTUATION is inculcated by a series of interesting reading lessons, the 
simple perusal of which suflBces to fix its principles indelibly upon tlie mind. 

5. ELOCUTION. —Each of the higher Readers (3d, 4th, and 5th) contains elabo- 
rate, scholaily, and thoroughly practical treatises on elocution. This feature alone has 
secured for the series many of its warmest friends. 

6. THE SELECTIONS are the crowning glory of the series. Without excep- 
tion it may be said that no volumes of the same size and character contain a collection 
so diversified, judicious, and artistic as this. It embraces the choicest gems of Eng- 
lish literature, so arranged as to afford the reader ample exercise in every department 
of style. 80 acceptable has the taste of the authors in this department pwved, not 
only to the educational public but to the reading community at large, that thousands 
of copies of the Fourth and Fifth Readers have found their way into public and private 
libraries throughout the country, where they are in constant use as manuals of litera- 
ture, for reference as well as perusal. 

7. ARRANGEMENT. — The exercises are so arranged as to present constantly 
alternating practice in the different styles of composition, while observing a definite 
plan of progression or gradation throughout the whole. In the higher books the 
articles are placed in formal sections and classified topically, thus concentrating the 
interest and inculcating a principle of association likely to prove valuable in subse- 
quent general reading. 

8. NOTES AND BIOGRAPHICAL SKETCHES. — These are full and ade- 
quate to every want. The biographical sketches present in pleasing style the history of 
every author laid under contributiou. 

9. ILLUSTRATIONS. — These are plentiful, almost profuse, and of the highest 
character of art They are found in every volume of the series as far as and including 
the Tliird Reader. 

10. THE. GRADATION is perfect. Each volume overlaps its companion pre- 
ceding or following in the series, so that the scholar, in passing from one to another, is 
only conscious, by the presence of the new book, of the transition. 

11. THE PRICE is reasonable. The National Readers contain more matter than 
any other series in the same number of volumes published. Considering their com- 
pleteness and thoroughness, they are much the cheapest in the market 

13. BINDING. — By the use of a material and process known only to themselves, 
in common with all the publications of this house, the National Readers are warranted 
to outlast any with which they may be compaa*ed, the ratio of relaAAx^ d.\sx%Jok>!c*j| 
being in their favor as two to one. 
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SUPPLEMENTARY READINa 



Monteith's Popular Science Reader. 

James Monteith, author of Monteith's Geographies, has here presented a Supple- 
mentary Beading Book expressly for the work of instruction in reading and science at 
one and the same time. It presents a number of easy and interesting lessons on Natural 
Science and Natural History, interspersed with appropriate selections in prose and 
poetry from standard authors, with blackboard drawing and written exercises. It 
serves to instil the noblest qualities of soul and mind, without rehearsing stories of 
moral and mental depravity, as is too often done in juvenile books. The book is elabo- 
rately illustrated with fine engravings, and brief notes at the foot of each page add to 
the value and teachableness of the volume. 12mo, half bound, 360 pages. 

The Standard Supplementary Readers. 

The Standard Supplementary Rtiaders (formerly Swintori's Supplementary Readers)^ 
edited by William Swinton and George R. Cathcart, have been received with marked 
favor in representative quarters from Maine to California. They comprise a series of 
carefully graduated reading books, designed to connect with any series of school Readers. 
They are attractive in appearance, are bound in cloth, and the first four books are 
profusely illustrated by Fredericks, White, Dielman, Church, and others. The six books, 
which are closely co-ordinated with the several Readers of any regular series, are : — 

1. Sjasy Steps for Xjittle Feet. Supplementary to First Reader. 

In this book the attractive is the chief aim, and the pieces have been written and 
chosen with special reference to the feelings and femcies of early childhood. 128 pages, 
bound in cloth and profusely illustrated. 

2. Golden Book of Choice Beading. Supplementary to Second 

Reader. 

This book represents a great variety of pleasing and instructive reading, consisting of 
child-lore and poetry, noble examples and attractive object-reading, written specially for it. 
192 pages, cloth, with numerous illustrations. 

3. Book of Tales. Being School Readings Imaginative and Emotional 

Supplementary to Third Reader. 

In this book the youthful taste for imaginative and emotional is fed with'pore and noble 
creations drawn from the literature of all nations. 272 pages, cloth. Fully illustrated. 

4. Beadings in Nature's Book. Supplementary to Fourth Reader. 

This book contains a varied collection of charming readings in natural history and 
botany, drawn from the works of the great modem naturalists and travellers. 852 pages, 
loth. Fully illustrated. 

5. Seven American Classics. 

6. Seven British Classics. 

The " Classics " are suitable for reading in advanced grades, and aim to instil a 
taste for the higher literature, by the presentation of gems of British and American 
authorship. 220 pages each, cloth. 
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ORTHOGRAPHY. 

Smith's Series. 

Smith's Series supplies a Speller for every class in graded schools, and comprises 
the most complete and excellent treatise on English Orthography and its companion 
branches extant. 

1. Smith's Iiittle Speller. 

First round in the ladder of learning. 

2. Smith's Juvenile Definer. 

Lessons coroi)osed of familiar words grouped with reference to similar significa- 
tion or use, and correctly spelled, accented, and defined. 

3. Smith's Grammar-School Speller. 

Familiar words, grouped with reference to the sameness of sound of syllables dif- 
ferently spelled. Also definitions, complete rules for spelling and formation of deriva- 
tives, and exercises in false orthography. 

4. Smith's Speller and Definer's Manual. 

A complete School Dictionary, containing 14,000 words, with vanous other useM 
matter in the way of niles and exercises. 

6. Smith's Stymologry — Small and Complete Editions. 

The first and only Etymology to recognize the Anglo-Saxon our mother tongue; 
containing also full lists of derivatives ftom the Latin, Greek, Gaelic, Swedish, Norman, 
&;c , &c. ; being, in fact, a complete etymology of the language for schools. 

Northend's Dictation Exercises. 

Embracing valuable information on a thousand topicit, communicated in such a 
manner as at once to relieve the exercise of spelling of its usual tedium, and combine 
it with instruction of a general character calculated to profit and amuse. 

Phillip's Independent Writing Spellers. 

1. Primary. 2. Intermediate. 3. Advanced. 

Unquestionably the best results can be attained in writing spelling exercises. This 
series combines with written exercise a thorough and practical instruction in penman- 
ship. Copies in capitals and small letters are set on every page. Spaces for twenty 
words and definitions and errors are given in each lesson. In the advanced ]^ok there 
is additional space for sentences. In practical life we spell only when we wnte. 

Brown's Pencil Tablet for Written Spelling. 

The cheapest prepared pad of ruled blanks, with stiflf board back, sufficient for 
64 lessons of 25 words. 

Pooler's Test Speller. 

The best collection of '* hard words '* yet made. The more uncommon ones are fully 
defined, and the whole are arranged alphahetically for convenient reference. The book 
is designed for Teachers' Institutes and " Spelling Schools," and is prepared by an 
experienced and well-known conductor of Institutes. 

Wright's Analytical Orthography. 

This standard work is popular, because it teaches the elementary sounds in a 
plain and philosophical manner, and presents orthography and orthoQig^ui. «s\. ^ask^^ 
uniform system of Aiuilysis or parsing. 
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OBTHOGRAPHT — Cmtinued. 

Barber's Complete Writing Speller. 

" The Student's Own Hand-Book of Orthography, Definitions, anct Sentences, con- 
sisting of Written Exercises in the Pr()i)er Spelling, Meaning, and Use of Words." 
(Published 1873. ) Tliis differs from Sherwood's and other writing spellers in its more 
comprehensive character. Its blanks are adapted to writing whole sentences instead 
of detached words^ith the proper divisions for numbering, corrections, &c. Such 
aids as this, like Watson's Child's Speller and Phillip's Writing Speller, find their 
raiaon d'itre in the postulate that the art of correct spelling is dependent upon written, 
and not upon spoken language, for its utility, if not for its very existence. Hence 
the indirectness of purely oral instruction. 



ETYMOLOGY. 

Smith's Complete Etymology. 
Smith's Condensed Etymology. 

Containing the Anglo-Saxon, French, Dutch, German, Welsh, Danish, Gothic, Swedish, 
Gaelic, Italian, Ijatin, and Greek roots, and the English words derived there&om 
accurately spelled, accented, and defined. 



From Hon. Jno. G. McMynn, late State 
SupeHnteruient of Wisconsin. 

** I wish every teacher in the country 
had a copy of this work." 

From Prof. C. H. Verrill, Pa. State 
Normal School. 

**The Etymology ^Smith's) which we 

Erocured of you we hke much. It is the 
est work for the class-room we have 



gaen." ' singular utility for its purpose." 



From Prin. Wm. F. Phelps, Minn. State 
Normal. 

"The book is superb — just what is 
needed in the department of etymology 
and spelling." 

From Hon. Edward Ballard, Supt. qf 
Common Schools, State of Maine. 

*' The author has furnished a manual of 



DICTIONARY. 

Williams's Dictionary of Synonymes ; 

Or, Topical Lexicon. This work is a School Dictionary, an Etymology, a compilation 
of Synonymes, and a manual of General Information. It diffiBrs from the ordinary lexicon 
in being arranged by topics, instead of the letters of the alpliabet, thus realizing the 
apparent paradox of a *' Readable Dictionary." An unusually valuable school-book. 

Kwong's Dictionary of English Phrases. 

With Illustrative Sentences, collections of English and Chinese Proverbs, transla- 
tions of Latin and French Phrases, historical sketch of the Chinese Empire, a chrono- 
logical list of the Chinese Dynasties, brief biographical sketches of Confucius and 
of Jesus, and complete index. By Kwong Ki Chiu, late Member of the Cliinese Edu- 
cational Mission in the United States, and formerly principal teacher of English in the 
Government School at Shanghai, China. 9(:0 pages. 8vo. Cloth. 

FS*om the Hartford Courant : " The volume is one of the most curious and interest- 
ing of linguistic works." 

From the New York Nation : " It will amaze the sand-lot gentry to be informed that 
this remarkable wotkYrUi supplement our English dictionaries even for native Americans.** 
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ENGLISH GRAMMAR. 



SILL'S SYSTEM. 
Practical Lessons in English. 

A brief course in Grammar and Composition. By J. M. B. Sill. This beautiful 
book, by a distinguished and experienced teacher, at once adopted for exclusive use 
in the State of Oregon and the city of Detroit, simply releases English Grammar 
from bonds^e to Latin and Greek formulas. Our language is worthy of being taught 
as a distinct and independent science. It is almost destitute of inflections and yet 
capable of being systematized, and its study Uiay certainly be simplified if treated by 
itself and for itself alone. 8ui>crintendent Sill has cut the Gordian knot and leads 
the van of a new school of grammarians. 

• 

CLARK'S SYSTEM. 
Clark's Easy Lessons in Language 

Contains illustrated object-lessons of the most attractive character, and is coached 
in language freed as much as possible from the dry technicalities of the science. 

Clark's Brief English Grammar. 

Part I. is arlapte<l to youngest learners, and the whole forms a complete " brief 
course " in one volume, adequate to the wants of the common school. There is no- 
where published a superior text-book for learning the English tongue than this. 

Clark's Normal Grammar. 

Designed to occupy the same grade as the author's veteran " Practical " Grammar, 
though the latter is still furnished upon order. The Normal is an entirely new treatise. 
It is a full exposition of the system as described below, with all the most recent im- 
provements. Some of its i>e('uliarities are, — a happy blending of Syntheses with 
Analyses ; thorough criti(;isms of common errors in the use of our language ; and 
important improvements in the syntax of sentences and of phrases. 

Clark's Key to the Diagrams. 

Clark's Analysis of the English Language. 

Clark's Grammatical Chart. 

The theory and practi(;e of teaching grammar in American schools is meeting with a 
thorough revolution from the use of this system. While the old methods offer profi- 
ciency to the pupil only after much weary plodding and dull memorizing, this affords 
ft-om the inception the advantage of practical Object Tcachinfj^ addressing the eye by 
means of illustrative figures ; furnislies association to the memory, its most powerful 
aid, and diverts the pupil by taxing his ingenuity. Teachers who are using Clark's 
Grammar uniformly testify that they and their pupils find it the most interesting study 
of the school course. 

Like all great and radical improvements, the system naturally met at first with much 
unreasonable opposition. It has not only outlived the greater part of this oi)position, 
but finds many of its warmest mlmirers among those who could not at first tolerate so 
radical an innovation. All it wants is an imi)artial trial to convince the most scep- 
tical of its merit No one who has fairly and intelligently tested it in tlie school-room 
has ever been known to go back to the old method. A great success is already 
establialied, and it is easy to prophesy that the day is not far distant when it will be 
the only system of teaching Entfluth Grammar. As tlie System is copyrighted, no other 
text-books can appropriate this obvious and great improvement. 

Welch's Analysis of the English Sentence. 

Remarkable for its new and simple classification, its methml of treating connectives, 
its explanations of the idioms and constructive laws of the language, && 

11 



330 



CLASSIFIED INDEX, 



Vertical line, 9. 
Vertical plane, 10. 
ViBibility of eclipses, 190. 



1¥ 



Week, 211. 

'' days of, 218. 



Tear, anomalistic, 188. 



Year, sidereal, 188. 
" tropical, 188. 



Zenith, 9. 

'* distance, 10. 

" telescope, 100. 
Zodiac, 81. 

' ' constellationa of^ 8L 

*' signs ot 81. 
Zodiacalligbt, 178. 



BARNES'S POPULAR HISTORY 
OF THE UNITED STATES. 



By the author of Barnes's "Brief Histories for Schools." Complete in one superb 
royal octavo volume of 800 pages. Illustrated with 320 wood engravings and 14 steel 
plates, covering the period f^om the Discovery of America to the Accession of President 
Arthur. 

Part I. Colonial Settlement ; Exploration ; Conflict ; Manners ; Customs ; Educa- 
tion ; Religion, &c., &c., until political differences with Great Britain threatened open 
rupture. 

Part II. Resistance to the Acts of Parliament ; Resentment of British Policy, and 
the Succeeding War for American Independence. 

Part III. From the Election of President Washington to that of President Lincoln, 
with the expansion and growth of the Republic ; its Domestic Issues and its Foreign 
Policv. 

Part IV. Tlie Civil War and the End of Slavery. 

Part V. The New Era of the Restored Union ; with Measures of Reconstruction ; 
the Decade of Centennial Jubilation, and the Accession of President Arthur to Office. 

Appendix. Declaration of Independence ; The Constitution of the United States 
and its Amendments ; Chronological Table and Index ; Dlustrated History of t^e 
Centennial Exhibition at Philadelphia. , 

The wood and steel engravings have been expressly chosen to illustrate the customs of 
the periods reviewed in the text. Ancient houses of historic note, and many portraits of 
early colonists, are thus preserved, while the elaborate plans of the Exposition of 1876 
are fully given. The political characteristics of great leaders and great parties, which 
had been shaped very largely by the issues which belonged to slavery and slave labor, 
have been dealt with in so candid and impartial a manner as to meet the approval of 
all sections of the American people. The progress of science, invention, literature, and 
art is carefully, noted, as well as that of the national physical growth, thus condensing 
into one volume material which is distributed through several volumes in larger works. 
Outline maps give the suc^cessive stages of national expansion, and si)ecial attention 
has been given to those battles, by land and sea, which have marked the military growth 
of the republic. B^°* Specially valuable for reference in schools and households. 

From Prof. S. T. Duttok, Superintendent 
of Schools, New Haven, Conn. 

" It seems to me to be one of the best 
and most attractive works of the kind I 
have ever seen, and it will be a decided 
addition to the little libraries which we 
have already started in our larger 
schools." 



From Prof. F. F. Barrows, Brown School, 
Hartford, Conn. 

" Barnes's Popular History has been in 
our reference library for two years. Its 
concise and interesting presentation of 
historical facts causes it to be so eagerly 
read by our pupils, that we are obliged to 
duplicate it to supply the demand for its 
use. " 

From Hon. John R. Buck. 

" I concur in the above.'* 

From Hon. J. C. Stockwell. 

" I heartily concur with Mr. Barrows in 
the within commendation of ' Barnes's 
Popular History,' as a very interesting and 
instructive book of reference." 

From A Morse, Esq. 

" I cordially concur in the above." 

From Rev. Wm. T. Gage. 

"I heartily agree with the opinions 
above expressed." 

From David Crary, Jr. 

"The best work for the purpose pub- 
lished." 



From Prof. Wm. Martin, of Beattystoton, 
N.J. 

**This volume is well adapted to the 
wants of the teacher. A concise, well- 
arranged summary of events, and just the 
supplement needed by every educator who 
teaches American history." 

From Prof. C. T. R Smith, PrindpaZ of 
the Lansin^burghi N. F., Academy, 

"In the spring I procured a copy of 
' Barnes's Popular History of the United 
States,' and have used it daily since, in 
preparing my work with my class in Ameri- 
can history, with constantly increasing 
admiration at the clearness, fairness, and 
vividness of its style and judicious selec- 
tion of matter." 



Prices. Cloth, plain edge, $5.00 ; cloth, richly embossed, gilt edge, $6.00 ; sheep, 
marble edge, 17.00 : half calf, 18.00 ; half morocco, 18.00 ; ftill morocco, gUt, 110.00. 
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SCHOOL AND COLLEGE TEXT-BOOKS. 

The National Series Readers and Spellers. 



THE NATIONAL READERS. 



No. I. 
No. 2. 
No. 3. 
No. 4. 
No. 5. 
No. 6. 



By PARKER and WATSON. 

National Primer . . . 
National First Reader . 
National Second Reader 
National Third Reader 
National Fourth Reader 
National Fifth Reader . 



National Elementary Speller 
National Pronouncing Speller 
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THE INDEPENDENT READERS. 



The 
The 
The 
The 
The 
The 
The 



By J. MADISON WATSON. 

Independent First (rrimarj) Reader 
Independent Second Reader 
Independent Third Reader 
Independent Fourth Reader 
Independent Fifth Reader . 
Independent Sixth Reader . 
Independent Complete Speller 



The Independent Child's Speller {Script) 
The Independent Youth's Speller {Script) 
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THE NATIONAL SERIES OF STANDARD SCHOOL-BOOKS. 

WATSON'S INDEPENDENT 

READERS. 



This Series is designwl to meet a general demand for smaller and cheaper 
books than the National Series proj^er, and to serve as well for intermediate 
volumes of the National Readers in large graded schools requiring more books 
than one ordinary series will supply. 

Beauty. — The most casual obser\'er is at once impressed with the unpar- 
alleled mechanical beauty of the Independent Readers. The Publishers be- 
lieve that tlie aesthetic tastes of children may receive no small degree of 
cultivation from their very earliest school-books, to say nothing of the impor- 
tance of making study attractive by all such artificial aids that are legitimate. 
In accordance with this view, not less tlian §25,000 was expended in their 
preparation before publishing, with a result which entitles them to be con- 
sidered "the perfection of common-school books." 

Selections. -They contain, of course, none but entirely new selections. 
Tiiese are arranged according to a strictly progressive and novel method of 
developing the elementary sounds in order in the lower numbers, and in all, 
with a view to topics and general literary style. The mind is thus led in fixed 
channels to i)roficiency in every branch of good reading, and the evil results of 
"scattenng," as practised by most school-book authors, avoided. 

The Illustrations, as may be inferred from what has been said, are ele- 
gant beyond comparison. They are profuse in every number of the series, from 
the lowest to the highest. This is the only series published of which this 
is true. 

The Type is semi-phonetic, the invention of Professor Watson. By it every 
letter having more than one somul is clearly distinguished in all its variations 
without in any way mutilating or disguising the normal form of the letter. 

Elocution is taught by prefatory treatises of constantly advancing grade 
and completeness in each volume, which are illustrated by woo^^cuts in the 
lower books, and by blackboard diagrams in the higher. Professor Watson 
is the first to introduce practical illustrations and blackboard diagrams for 
teaching this branch. 



•o 



Foot-Notes on every page afford all the incidental instniction which the 
teacher is usually required to impart. Indices of wonls refer the pupil to the 
place of their first use and definition. The biographies of authors and others 
are in every sense excellent. 

Economy. — Although the number of pages in each volume is fixed at the 
minimum, for the purpose recited above, the utmost amount of matter avail- 
able without overcrowding is obtained in the space. The pages are much 
wider and larger than those of any competitor and contain twenty per cent 
more matter than any other series of the same type and number of pages. 

All the Great Features. — Besides the above all the popular features of 
the National Readers are retained except the word-building system. The 
latter gives place to an entirely new method of progressive development, based 
upon some of the best features of the word system^ phonetics, and object 
lessons. 
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PARKER & WATSON'S NATIONAL 

READERS. 



The salient features of these works which have combined to render them so.popular 
may be briefly recapitulated, as follows : — 

1. THE WORD-BUILDING SYSTEM. — This famous progressive method 
for young children originated and was copyrighted with these books. It constitutea a 
process with which the beginner with words ol' one letter is gradually introduced to 
additional lists formed by prefixing or alBxing single letters, and is thus led almost 
insensibly to the mastery of the more difficult (constructions. This is one of the most 
striking modem improvements in methods of teaching. 

2. TREATMENT OF PRONUNCIATION. — The wants of the youngest 
scholars in this department an; not overlooked. It may be said that from the Hrst 
lesson the student by this method need never be at a loss for a prompt and accurate 
Tendering of every word encountered. 

3. ARTICULATION AND ORTHOEPY are considered of primary importance. 

4. PUNCTUATION is inculcated by a series of interesting reading lessons, the 
simple perusal of which suffices to lix its principles indelibly upon the mind. 

5. ELOCUTION. — Each of the higher Readers (3d, 4th, and 5th) c(mtains elabo- 
rate, scholarly, and thoroughly practical treatises on elocution. This feature alone has 
secured for the series many of its warmest friends. 

6. THE SELECTIONS are the crowning glory of the series. Without excep- 
tion it may be said tliat no volumes of the same size and elinracter contain a collection 
so diversified, judicious, and artistic as this. It embraces the choicest gems of Eng- 
lish literature, so arranged as to afford the reader ami)le exercise in every department 
of style. 80 acceptable has the taste of the authors in this department proved, not 
only to the educational public but to the reading community at large, that thousands 
of copies of the Fourth and Fifth Readers have found their way into public and i)rivate 
libraries ttiroughout the country, where they are in constant use as manuals of litera- 
ture, for reference as well as perusal. 

7. ARRANGEMENT. — The exercises are so arranged as to present constantly 
alternating practice in the different styles of composition, while observing a definite 
plan of progression or gradation throughout the whole. In the higher books the 
articles are placed in formal sections and classified topically, thus concentrating the 
interest and inculcating a princi])le of association likely to prove valuable in subse- 
quent general reading. 

8. NOTES AND BIOGRAPHICAL SKETCHES. - These are full and ade- 
quate to every want The biographical sketches present in pleasing style the history of 
every author laid under contribution. 

9. ILLUSTRATIONS. —These are plentiful, almost profuse, and of the highest 
character or art. They are found in every volume of tlie series as far as and including 
the Third Reader. 

10. THE. GRADATION is perfect. Each volume overlaps its companion pre- 
ceding or following in the series, so that the scholar, in ))assing from one to another, is 
only conscious, by the presence of the new book, of the transition. 

XX. THE PRICE is reasonable. The National Readers contain more matter than 
any other series in the same number of volumes published. Considering their com- 
pleteness and thoroughness, they are much the cheajwst in the market 

X3. BINDING. — By the use of a material and process known only to themselves, 
in common with all the publications of this house, the National Readers are warranted 
to outlast any with which they may be compacred, the ratio of relative durability 
being in their favor as two to one. 
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SUPPLEMENTARY READINa 



Monteith's Popular Science Reader. 

James Monteitli, author of Monteith's Geographies, has here presented a Sappld* 
mentary Beading Book expressly for the work of instruction in reading and science at 
one and the same time. It presents a number of easy and interesting lessons on Natural 
Science and Natural History, interspersed with appropriate selections in prose and 
poetry from standard authors, with blackboard drawing and written exercises. It 
serves to instil the noblest qualities of soul and mind, without rehearsing stories of 
moral and mental depravity, as is too often done in juvenile books. The book is elabo- 
rately illustrated with fine engravings, and brief notes at the foot of each page add to 
the value and teachableness of the volume. 12mo, half bound, 360 pages. 

The Standard Supplementary Readers. 

The Standard Supi>lemeiitary Readers {formerly Swinton's Supplementary Readers^, 
edited by William Swintou and George R. Cathcart, have been received with marked 
favor in representative quarters from Maine to California. They comprise a series of 
carefully graduated reading books, designed to connect with any series of school Readers. 
Thuy are attractive in appearance, are bound in cloth, and the first four books are 
profusely illustrated by Fredericks, White, Dielman, Church, and others. The six books, 
which are closely co-ordinated with the several Readers of any regular series, are : — 

1. Sasy Steps for Ijittle Feet. Supplementary to First Reader. 

In this book the attractive is the chief aim, and the pieces have been written and 
chosen with special reference to the feelings and femcies of early childhood. 128 pages, 
bound in cloth and profusely illustrated. 

2. Golden Book of Choice Reading. Supplementary to Second 

Reader. 

This book represents a great variety of pleasing and instructive reading, consisting of 
child-lore and poetry, noble examples and attractive object-reading, written specially for it. 
192 pages, cloth, with numerous illustrations. 

3. Book of Tales. Being School Readings Imaginative and Emotional 

Supplementary to Third Reader. 

In this book the youthful taste for imaginative and emotional is fed with' pare and noUe 
creations drawn from the literature of all nations. 272 pages, cloth. Fully illustrated. 

4. Readings in Nature's Book. Supplementary to Fourth Reader. 
This book contains a varied collection of charming readings in natural history and 

botany, drawn from the works of the great modem naturalists and travellers. 862 pages, 
•loth. Fully illustrated. 

5. Seven American Classics. 

6. Seven British Classics. 

The " Classics " are suitable for reading in advanced grades, and aim to instil a 
taste for the higher literature, by the presentation of gems of British and American 
authorship. 220 pages each, cloth. 
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ORTHOGRAPHY. 

Smith's Series. 

Smith's Series stipplies a Speller for every class in graded schools, and comprises 
the most complete and excellent treatise on English Orthography and its companion 
branches extant. 

1. Smith's Iiittle Speller. 

First round in the ladder of learning. 

2. Smith's Juvenile Definer. 

Lessons comi>osed of familiar word» grouped with reference to similar significa- 
tion or use, and correctly spelled, accented, and defined. 

3. Smith's Grammar- School Speller. 

Familiar wonls. grouped with reference to the sameness of sound of syllables dif- 
ferently spelled. Also definitions, complete rules fur spelling and formation of deriva- 
tives, and exercises in false orthography. 

4. Smith's Speller and Deflner's ManuaL 

A complete School Dictionary, containing 14,000 words, with various other useM 
matter in the way of rules and exercises. 

6. Smith's iBtymologry — Small and Complete Editions. 

The first and only Etymology to recognize the Anglo-Saxon our mother tongue; 
containing also full lists of derivatives from the Latin, Greek, Gaelic, Swedish, Norman, 
&c , &c. ; being, in fact, a complete et3rmology of the language for schools. 

Northend's Dictation Exercises. 

Embracing valuable information on a thousand topics, communicated in such a 
manner as at once to relieve the exercise of spelling of its usual tedium, and combine 
it with instruction of a general character calculated to profit and amuse. 

Phillip's Independent Writing Spellers. 

1. Primary. 2. Intermediate. 3. Advanced. 

Unquestionably the best results can be attained in writing spelling exercises. This 
series combines with written exercise a thorough and practical instruction in penman- 
ship. Copies in capitals and small letters are set on every page. Spaces for twenty 
words ana definitions and errors are given in each lesson. In the advanced ]^ok there 
is additional space for sentences. In practical life we spell only when we write. 

Brown's Pencil Tablet for Written Spelling. 

The cheapest prepared pad of ruled blanks, with stiff board back, sufficient for 
64 lessons of 25 words. 

Pooler's Test Speller. 

The best collection of " hard words '* yet made. The more uncommon ones are fully 
defined, and the whole are arranged alphabetically for convenient reference. The book 
is designed for Teachers' Institutes and ** Spelling Schools," and is prepared by an 
experienced and well-known conductor of Institutes. 

Wright's Analytical Orthography. 

This standard work is popular, because it teaches the elementary sounds in a 
plain and philosophical manner, and presents orthography and orthoepy in an easy, 
uniform system of analysis or parsing. 
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ORTHOGRAPHY — Continued. 

Barber's Complete Writing Speller. 

"The Student's Own Hand-Book of Orthography, Definitions, and Sentences, con- 
sisting of Written Exercises in the Projjer Spelling, Meaning, and Use of Words." 
(Published 1873. ) This differs from Sherwood's and other writing spellers in its more 
comprehensive character. Its blanks arc adapted to writing whole sentences instead 
of detached words, with the proper divisions for numbering, corrections, &c. Such 
aids as this, like Watson's Child's Speller and Phillip's Writing Speller, find their 
raison d'itre in the postulate that the art of correct spelling is dependent upon written, 
and not upon spoken language, for its utility, if not for its very existence. Hence 
the indirectness of purely oral instruction. 



ETYMOLOGY. 

Smith's Complete Etymology. 
Smith's Condensed Etymology. 

Containing the Anglo-Saxon, French, Dutch, German, Welsh, Danish, Gothic, Swedish, 
Gaelic, Italian, Latin, and Greek roots, and the English words derived therefrom 
accurately spelled, accented, and defined. 



From Hon. Jno. G. McMynn, late State 
Superintendent of Wisconsin. 

*' I wish every teacher in the country 
bad a copy of this work." 

From Prof. C. H. Verrill, Pa. State 
Normal School. 

**The Etymology (Smith's) which we 

Erocured of you we like much. It is the 
est work for the class-room we have 
Men." 



From Prin. Wm. F. Phelps, Minn, State 
Normal. 

"The book is superb — just what is 
needed in the department of etymology 
and spelling." 

From Hon. Edward Ballard, Swpt. oj 
Common Schools, State of Maine, 

" The author has furnished a manual of 
singular utility for its purpose.'* 



DICTIONARY. 

Williams's Dictionary of Synonymes ; 

Or, Topical Lexicon. This work is a School Dictionary, an Etymology, a compilation 
of Synonymes, and a manual of General Information. It differs from the ordinary lexicon 
in being arranged by topics, instead of the letters of the alpliabet, thus realizing the 
apparent paradox of a *' Readable Dictionary." An unusuaJ'.y valuable school-book. 

Kwong^s Dictionary of English Phrases. 

With Illustrative Sentences, collections of English and Chinese Proverbs, transla- 
tions of Latin and French Phrases, historical sketch of tlie Chinese Empire, a chrono- 
logical list of the Chinese Dynasties, brief biographical sketches of Confucius and 
of Jesus, and corai)lete index. By Kwong Ki Chiu, late Member of the Cliinese Edu- 
cational Mission in the United States, and formerly principal teacher of English in the 
Government School at Shanghai, China 9C0 pages. 8vo. Cloth. 

From the Hartford Courant : " The volume is one of the most curious and interest- 
ing of linguistic works." 

From the New York Nation : "It will amaze tlie sand-lot gentry to be informed that 
this remarkable work will supplement our English dictionaries even for native Americans." 
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ENGLISH GRAMMAR. 



SILUS SYSTEM. 

Practical Lessons in English. 

A brief course in Grammar and Composition. By J. M. R Sill. This beautlfol 
book, by a distinguished and experienced teacher, at once adopted for exclusive use 
in the State of Oregon and the city of Detroit, simply releases English Grammar 
from bondage to Latin and Greek formulas. Our language is wortliy of being taught 
as a distinct and independent science. It is almost destitute of inflections and yet 
capable of being systematized, and its study niay certainly be simplified if treated by 
itself and for itself alone. Superintendent Sill has cut the Gordian knot and leads 
the van of a new school of grammarians. 

CLARK'S SYSTEM. 
Clark's Easy Lessons in Language 

Contains illustrated object-lessons of the most attractive character, and is couched 
in language freed as much as possible from the dry technicalities of the science. 

Clark's Brief English Grammar. 

Part Lis adapted to youngest learners, and the whole forms a complete '* brief 
course " in one volume, adequate to the wants of the common school. There is no- 
where published a sui)erior text-book for learning the English tongue than this. 

Clark's Normal Grammar. 

Designed to occupy the same grade as the author's veteran " Practical " Grammar, 
though the latter is still furnished upon order. The Normal is an entirely new treatise. 
It is a full exposition of the system as described below, with all the most recent im- 
provements. Some of its peculiarities are, — a happy blending of Syntheses with 
Analyses ; thorough criticisms of common errors in the use of our language ; and 
important improvements in the sj-ntax of sentences and of phrases. 

Clark's Key to the Diagrams. 

Clark's Analysis of the English Language. 

Clark's Grammatical Chart. 

The theory and practice of teaching grammar in American schools is meeting with a 
thorough revolution fi-om the use of this system. While the old methods offer profi- 
ciency to the pupil only after much weary plodding and dull memorizing, this affords 
from the inception the advantage of practical Object Teaching^ addressing the eye by 
means of illustrative figures ; furnishes association to the memory, its most powerful 
aid, and diverts the pupil by taxing his ingenuity. Teachers who are using Clark's 
Grammar uniformly testify that they and their pupils find it the most interesting study 
of the school course. 

Like all great and radical improvements, the system naturally met at first with much 
unreasonable opposition. It has not only outlived the greater part of this opposition, 
but finds many of its warmest admirers among those who could not at first tolerate so 
radical an innovation. All it wants is an impartial trial to convince the most scep- 
tical of its merit No one who has fairly and intelligently tested it in the school-room 
has ever been known to go back to the old method. A great success is already 
established, and it is easy to prophesy that the day is not far distant when it will be 
the onlij system of teaching Enf/lish Grammar. As the System is copyrighted, no other 
text-books can appropriate this obvious and great improvement. 



Welch's Analysis of the English Sentence. 

Remarkable for its new and simple classification, its method of treating connectivoSy 
its explanations of the idioms and constructive laws of the language, &c 
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GEOGRAPHY. 

MONTEITH'S SYSTEM. 

TWO-BOOK SERIES. INDEPENDENT COURSE. 

Elementary Geography. 

Comprehensive Geography (with 103 maps). 

HT" These volumes are not revisions of old works, not an addition to any series, 
but are entirely new productions, — each by itself complete, independent, comprehen- 
sive, yet simple, brief, cheap, and popular ; or, taken together, the most admirable 
*' series " ever offered for a common-8<!hool course. They present the following features, 
skilltUly interwoven, the student learning all about one country at a time. Always 
revised to date of printing. 

LOCAL GEOGRAPHY. — Or, the Use of Maps. Important features of the maps 
are the coloring of States as olijects, and the ingenious system for laying down a much 
laiver number of names for reference than are tound on any other maps of same size, 
and without crowding. 

PHYSICAL GEOGRAPHY. — Or. the Natural Features of the Earth; illus- 
trated by the original and striking relief maps, being bird's-eye views or photographic 
pictures of the earth's surfaea 

DESCRIPTIVE GEOGRAPHY. — Including the Physical; with some account 
of Governments and Races, Animals, &c. 

HISTORICAL GEOGRAPHY. — Or, a brief summary of the salient points of 
history, explaining the present distribution of nations, origin of geographical 
names, Ac. 

MATHEMATICAL GEOGRAPHY. — Including Astronomical, which describes 
the Earth's position and character among planets ; also the Zones, Parallels, kc. 

COMPARATIVE GEOGRAPHY. — Or, a system of analogy, connecting new ^ 
lessons with the previous ones. Comparative sizes and latitudes are shown on the 
margin of each map, and all countries are measured in the *' frame of Kansas." 

TOPICAL GEOGRAPHY. — Consisting of questions for review, and testing 
the student's general and specific knowledge of the subject, with suggestions for 
geographiciil compositions. 

ANCIENT GEOGRAPHY. — A section devoted to this subject, with maps, will 
be appreciated by teachers. It is seldom taught in our common schools, because it 
has heretofore required the purchase of a separate book. 

GRAPHIC GEOGRAPHY, or Map-Drawing by Allen's ''Unit of Measure- 
ment " system (now almost universally recognized as without a rival), is Introduced 
throughout the lessons, and not as an appendix. 

CONSTRUCTIVE GEOGRAPHY. — Or, Globe-Making. With each book a set 
of map segments is furnished, with which each student may make his own globe by 
following the directions given. 

RAILROAD GEOGRAPHY. — With a grand commercial map of the United 
States, illustrating steamer aiid railroad routes of travel in the United States, submarine 
telegraph lines, &c. Also a " Practical Tour in Europe." 



MONTEITH AND McNALLY'S SYSTEM. 

THREE AND FIVE BOOKS. NATIONAL COURSE. 

Monteith's First Lessons in Geography. 
Monteith's Ne\v Manual of Geography. 
McNally's System of Geography. 

The new edition of McN ally's Geography is now ready, rewritten throughout by 
James Monteith and S. C. Frost. In its new dress, printed from new type, and iUus- 
trated with 100 new engravings, it is the latest, most attractive, as well as the most 
thoroughly practical book on geography extant 

IS 
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GEOGRAPHY — Continued. 

INTERMEDIATE OR ALTERNATE VOLXTMES III THE FIYB BOOK SERIES. 

Monteith's Introduction to Geography. 
Monteith's Physical and Political Geography. 

I. PRACTICAL OBJECT-TEACHING. — The infant scholar is first introduced 
to api-cture whence he nuiy derive notions of the shape of the earth, the phenomena of 
day and night, tlie distribution of land and water, and the great natural divisions, 
wliioh mere words would fail entirely to convey to the untutored mind. Other pictures 
follow on the same plan, and the child's mind is called upon to grasp no idea without 
the aid of a pictorial illustration. Carried on to the higher books, this system culmi- 
nates in Physical Geography, where such matters as climates, ocean currents, the 
winds, peculiarities of the earth's crust, clouds and rain, are pictorially explained and 
rendered apparent to the most obtuse. The illustrations used for this purpose belong 
to the liigheat grade of art. 

a. CLEAR, BEAUTIFUL, AND CORRECT MAPS. — In the lower num- 
bers the maps avoid unnecessary detail, while reai)ectively progressive and affording 
the pupil new matter for acciuisition each time he approaches in the constantly en- 
larging circle the point of coincidence with previous lessons in the more elementary 
books. In the Physical and Political Geography the maps embrace many new and 
striking features. One of the most effective of these is the new plan for displaying on 
each map the relative sizes of countries not rei)resented, thus obviating much confti- 
sion which lias arisen from the necessity of presenting maps in the same atlas drawn 
on different scales. The mai)s of "McNally" have long been celebrated for their 
superior beauty and completeness. This is the only school-book in which the attempt 
to make a complete atlas also clexir and distinct, has been successful. The map coloring 
throughout the series is also noticeable. Delicate and subdued tints take the place of 
the startling glare of inliarnionioiis colors which too frequently in such treatises dazde 
the eyes, distract tlie attention, and serve to overwhelm the names of towns and the 
natural features of the landscape. 

3. THE VARIETY OF MAP-EXERCISE. — Storting each time firom a dif- 
ferent basis, the ])Upil in uniny in.stiinces approaches the same fact no less thanato 
times, thus indelibly impressing; it n])on liis memory. At the same time, this system is 
not allowed to become wearisome, the extent of exercise on each suliject being gnd- 
uated bv its relative importance or ditftrultv of acquisition. 

4. THE CHARACTER AND ARRANGEMENT OF THE DESCRIP- 
TIVE TEXT. — The cream of the science has been carefUUy culled, unimportaiit 
matter rejected, elaboration avoided, and a brief and concise manner of presentatioii 
cultivated. The onlerly consideration of topics has contributed greatly to simulicitj. 
Due attention is paid to tlie facts in history and astronomy which are inseparably con- 
nected with and important to the proper understanding of G;er^graphy, and »w» omlg 
are admitted on any terms. In a word, the National System teaches geography ss a 
science, pure, simjde, and exhaustive. 

3. ALWAYS UP TO THE TIMES. — The authors of these books, edltoriaUy 
speaking, never sleej). No change occurs in the boundaries of countries or of conntieiL 
no new discovery is made, or railroad built, that is not at once noted and recorded, and 
the next edition of each volume carries to everv school-room the new order of things. 

6. FORM OF THE VOLUMES AND MECHANICAL EXECUTION. 
— The maps and text are no longer unnaturally divon*ed in ac-coi-dance with the time- 
honored practice of making text-books on this subject as inconvenient and expensive as 
I>ossible. On the contrar>', all map questions aru to be found on the psge opposite the 
map itself, and each I)ook is complete in one volume. The mecbanicid execution is 
unrivalled. Paper, printing, and binding are everything that could be desired. 

7. MAP-DRAWING. — In 18(J9 the system of map-drawing devised by Professor 
Jerome Allen was secured exclusively for this series. It derives its claim to original- 
ity and usefulness from the introduction of a fixed unit of measurement applicable to 
every map. The i>rincij)les licing so few, simjtle, and comprehensive, the subject of 
map-drawing is relieved of all pra(^tical difficulty. (In Nos. 2, 2*, and 3, and published 
separately.) 

8. ANALOGOUS OUTLINES. —At the same time with map-drawing was also 
introduced (in No. 2) a new and ingenious variety of Object Lessons, consisting of a 
pomparison of the outlines of countries with familiar objects pictorially represent^ 
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OEOGBiPHY— OmtiTivcd. 

a. SUPERIOR QRADATION. — Tlii* istbeonlyeerieswhlch flimlsbesuiB 
able volume for ever^ pDiiBLbl« cJou in graded schools. It is not i;ont«niplAt<d tl 
pupil must Dec«BBBnly go thr0U){li every volume In BucceifBioii to attam pnifflcif 

the nbola tariea'abould be punined. At all events, tiie books' are at hand for seltt: 
and ereiT leaeher. of every (jrade, can Dud aniiiuj! theui one exuaty suiled to his c 
The beat combination for those wlio wish li abndge the course conaiata of Nos. 

£■, or Nob. 2 and il, lie recotuiDeadeil. 
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GEOGRAPHY — Continued. 

Monteith's Physical Geography. 

This is a clear, brief statement of the pliysical attributes of the earth and their rela- 
tions to the heavens. The iilustratious and maps are numerous and helpfuL It pro- 
vides full instruction in this important branch of study in an attractive way for the 
youngest scllblars. It contains 54 pages in quarto form. 



MAP-DRAWING. 

Monteith's Map-Drawing Made Easy. 

A neat little book of outlines and instructions, giving the "comers of States" in 
suitable blanks, so that maps can be drawn by unskilful hands from any atlas ; with 
instructions for written exercises or compositions on geographical subjects, and com- 
parative geography. 

Monteith's Manual of Map-Drawing (Allen's System). 

The only consistent plan, by which all maps are drawn on one scale. By its use 
much time may be saved, and much interest and accurate knowledge gained. 

Monteith's Map-Drawing and Object Lessons. 

The last-named treatise, bound with Mr. Monteith's ingenious system for commit- 
ting outlines to memory by means of pictures of living creatures and familiar objects. 
Thus, South America resembles a dog's head ; Cuba, a lizard ; Italy, a boot ; France, a 
coffee-pot ; Tiu-key, a turkey, &c., &c. 

Monteith's Colored Blanks for Map-Drawing. 

A new aid in teaching geography, which will be found especially useful in recitations, 
reviews, and examinations. The series ('omprises any section of the world required. 

Monteith's Map-Drawing Scale. 

A ruler of wood, graduated to the "Allen fixed unit of measurement." 



WALL MAPS. 

Monteith's Pictorial Chart of Geography. 

The original drawing for this beautiful and instructive chart was greatly admired in 
the publisher's *' exhibit " at the Centennial Exhibition of 1876. It is a picture of the 
earth's surface with every natural feature displayed, teaching also physical geography, 
and especially the mutations of water. The uses to which man puts the earth and its 
treasures and forces, as Agriculture, Mining, Manufacturing, Commerce, and Transpor- 
tation, are also graphically portayed, so that the young learner gets a realistic idea of 
" the world we live in," which weeks of book study might fail to convey. 

Monteith's School Maps, 8 Numbers. 

The "School Series" includes the Hemispheres (2 maps), United States, North 
America, South America, Europe, Asia, Africa. Price, $2.50 each. • 

Each map is 28 x 34 inches, beautifully colored, has the names all laid down, and is 
substantially mounted on canvas with rollers. 

Monteith's Grand Maps, 8 Numbers. 

The "Grand Series" includes the Hemispheres (1 map), North America, United 
States, South America, Europe, Asia, Africa, the World on Mercator's Projection, and 
Physical Map of the World. Price, $5.00 each. Size, 42 x 52 inches, names laid down, 
colored, mounted, &c. 

Monteith's Sunday-School Maps. 

Including a map of Paul's Travels ($5.00), one of Ancient Canaan ($3.00), and Mod- 
em Palestine ($3.00), or Palestine and Canaan together ($5.00). 
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MATHEMATICS. 



DAVIES'S COMPLETE SERIES. 

ARITHMETIC. 

Davies' Primary Arithmetic. 

Davies' Intellectual Arithmetic. 

Davies' Elements of Written Arithmetic. 

Davies* Practical Arithmetic. 

Davies' University Arithmetic. 

TWO -BOOK SERIES. 

First Book in Arithmetic, Primary and Mental. 
Complete Arithmetic. 

ALGEBRA. 

Davies' New Elementary Algebra. 
Davies* University Algebra. 
Davies' New Bourdon's Algebra. 

GEOMETRY. 

Davies' Elementary Geometry and Trigonometry. 

Davies' Legendre's Geometry. 

Davies' Analytical Geometry and Calculus. 

Davies' Descriptive Geometry. 

Davies' New Calculus. 

MENSURATION. 

Davies' Practical Mathematics and Mensuration. 

Davies' Elements of Surveying. 

Davies' Shades, Shadows, and Perspective. 

MATHEMATICAL SCIENCE. 

Davies* Grammar of Arithmetic. 

Davies' Outlines of Mathematical Science. 

Davies' Nature and Utility of Mathematics. 

Davies' Metric System. 

Davies & Peck's Dictionary of Mathematics. 
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DAVIES'S NATIONAL COURSE 
OF MATHEMATICS. 

ITS RECORD. 

In claiming for this series the first place among American text-books, of whatever 
class, the publishers appeal to the magnificent record which its volumes have earned 
during the thirty-fivi years of Dr. Cliarles Davies's mathematical labors. The unremit- 
ting exertions of a life-time have placed tha modem series on the same proud enNoence 
among competitors that each of its predecessors had successively enjoyed in a course of 
constantly improved editions, now rounded to their perfect fruition, — for it seems 
almost that this science is susceptible of no further demonstration. 

During the period alluded to, many authors and editors in this department have 
started into public notice, and, by borrowing ideas and processes original with Dr. Davies, 
have enjoyed a brief popularity, but are now almost unknown. Many of the series of 
to-day, built upon a similar basis, and described as "modern books," are destined to a 
similar fate ; while the most fcir-seeing eye will find it diflicult to fix the time, on the 
basis of any data afforded by their past history, when these books will cease to increase 
and prosper, and fix a still tirnier liold on the affection of every educated American. 

One cause uf this unparalleled popularity is found in the fact that the enterprise of th« 
author did not cease with the original completion of his books. Always a practical 
teacher, he has incorporated in his text-books from time to time the advantages of every 
improvement in methods of teaching, and every advance in science. During all the 
years in which he has been laboring he constantly submitted Ills own theories and those 
of otliers to the practical test of the class-room, a])provmg, rejecting, or modifying 
them as the experience thus obtained might suggest. In this way he has been able 
to produce an almost perfect series of class-books, in which every department of 
mathematics has received minute and exhaustive attention. 

Upon the death of Dr. Davies, which took place in 1876, his work was immediately 
taken up by l)ia former pupil and mathematical associate of many years, Prot W. G. 
Peck, LL.D., of Columbia College. By him, with Prof J. H. Van Amringe, of Columbia 
College, the original series is kept carefully revised and up to the times. 



Davies's System is the acknowledged National Standard for the United 

States, for the following reasons : — 

1st It is the basis of histmction in the great national schools at West Point and 
Annapolis. 

2d. It has received the quasi indorsement of the National Congress. 
3d. It is exclusively used in the public schools of the National Capital 
4th. The oflicials of the Government use it as authority in all cases Involving mathe- 
matical questions. 

6th. Our great soldiers and sailors commanding the national armies and navies were 
educated in this system. So have been a majority of eminent scientists in this country. 
All these refer to "Davies " as authority. 

6th. A larger number of American citizens have received their education flpom this 
than from any other series. 

7th. The series has a larger circulation throughout the whole country than any other, 
being extensively used in every State in the Union. 
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DAVIES AND PECK'S ARITHMETICS. 

OPTIONAL OR CONSECUTIYX. 

The best thonghts of these two illustrious matheuiaticians are combined in the 
following beautiful works, which are the natural successors of Davies's Arithmetics, 
sumptuously printed, and bound in crimson, green, and gold: — 

Davies and Peck's Brief Arithmetic. 

Also called the " Elementary Arithmetic. ** It is the shortest presentation of the sub- 
ject, and is adequate for all grades in common schools, being a thorough introduction to 
practical life, except for the specialist 

At first the authors play with the little learner for a few lessons, by ohiject-teaching 
and kindred allurements ; but he soon begins to realize that study is earnest, as he 
becomes familiar with the simpler operations, and is delighted to find himself master of 
important results. 

The second part reviews the Fundamental Operations on a scale proportioned to 
the enlarged intelligence of the learner. It establishes the General Principles and 
Proi)erties of Numbers, and then proceeds to Fractions. Currency and the Metric 
System are fully treated in connection with Decimals. Compound Numb^:B and Re* 
duction follbw, and finally Percentage with all its varied applications. 

An Index of words and principles concludes the book, for which every scholar and 
most teachers will be grateful. How much time lias been spent in searching for a half- 
foiigotteu definition or principle in a former lesson 1 

Davies and Peck's Complete Arithmetic. 

This work certainly deserves its name in the best sense. Though complete, it is not, 
like most ottiers wliich bear the same title, cumbersome. These authors excel in clear, 
lucid demonstrations, teaching tlie science pure and simple, yet not ignoring convenient 
methods and practical applications. 

For turning out a thorough business man no other work is so well adapted. He will 
have a clear comprehension of the science as a whole, and a working acquaintance 
with details whicli must sei*ve him well in all emergencies. Distinguishing features of 
tlie book are the logical progression of the subjects and the great variety of practical 
])roblems, not puzzles, which are beneath the dignity of educational science. A dear- 
minded critic has said of Dr. Peck's work that it is free from that juggling i^ith 
numbers which some authors falsely call " Analysis." A series of Tables for converting 
ordinary weights and measures into the Metric System appear in the later editions. 



PECK'S ARITHMETICS. 
Peck's First Lessons in Numbers. 

This book begins with pictorial illustrations, and unfolds gradually the science of 
numbers. It noticeably simplifies tlie subject by developing the principles of addition 
and subtraction simultaneously ; as it does, also, those of multiplication and division. 

Peck's Manual of Arithmetic. 

This book is designed especially for those who seek suflBcient instniction to carry 
them successfully through practical life, but have not time for extended study. 

Peck's Complete Arithmetic. 

This completes the series but is a much briefer book than most of the complete 
arithmetics, and is recommended not only for what it contains, but also for what is 
omitted. 

It may be said of Dr. Peck's books more truly than of any other series published, that 
they are clear and simple in definition and rule, and that superfluous matter of every 
kind has been faithfully eliminated, thus magnifying the working value of the book 
and saving unnecessary expense of time and labor. 
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BARNES'S NEW MATHEMATICS. 

In this series Joseph Ficklin, Ph. D., Professor of Mathematics and Astronomy 
in the University of Missouri, has combined all the best and latest results of practice 
and experimental teaching of arithmetic with the assistance of many distinguished 
mathematical authors. 



Barnes's Elementary Arithmetic. 
Barnes's National Arithmetic. 

These two woiics constitute a complete arithmetical course in two hooks. 

They meet the demand for text-books that will help students to acquire the greatest 
amount of useful and practical knowledge of Arithmetic by the smallest expenditure of 
time, labor, and money. Nearly every topic in Written Arithmetic is introduced, and its 
principles illustrated, by exercises in Oral Arithmetic. The free use of Ekjuations ; the 
concise method of combining and treating Properties of Numbers; the treatment of 
Multiplication and Division of Fractions in two cases, and then reduced to one; Can- 
cellation by the use of the vertical line, especially in Fractions, Interest, and Profwrtion ; 
the brief, simple, and greatly superior method of working Partial Payments by the 
" Time Table '* and Cancellation ; the substitution of formulas to a great extent for 
rules ; the full and practical treatment of the Metric System, &c., indicate their com- 
pleteness. A variety of methods and processes for the aam^ topic, which deprive the 
pupil of the great benefit of doing a part of the thinking and labor for himself, have 
been discarded. The statement of princiiiles, definitions, rules, &c., is brief and simple. 
The illustrations and methods are explicit, direct, and practical The great number 
and variety of Examples enilwdy the actual business of the day. The very large 
amount of matter condensed in so small a compass has been accomplished by econo- 
mizing every line of sjiace, by rejecting superfluous matter and obsolete terms, and by 
avoiding the repetition of analyses, explanations, and operations in the advanced topics 
which have been used in the more elementary parts of these books. 

AUXILIARIES. 

For u.se in district schools, and for supplying a text-book in advanced work for 
classes having finished the course as given in the ordinary Practical Arithmetics, the 
National Arithmetic has been divided and bound separately, as follows : — 

Barnes's Practical Arithmetic. 

Barnes's Advanced Arithmetic. 

In many schools there are classes that for various reasons never reach beyond 
Percentage. It is just such cases where Barnes's Practical Arithmetic will answer a 
good purpose, at a price to the pupil much less than to buy the complete book. On the 
other hand, classes having finished the ordinary Practical Arithmetic can proceed 
with the higher course by using Barnes's Advanced Arithmetic. 

For primary schools requiring simply a table book, and the earliest rudiments 
forcibly presented through object-teaching and copious illustrations, we have 
prepared , 

Barnes's First Lessons in Arithmetic, 

which begins with the most elementary notions of numbers, and proceeds, by simple 
steps, to develop all the fundamental principles of Arithmetic. 



Barnes's Elements of Algebra. 

This work, as its title indicates, is elementary in its character and suitable for use, 
(1) m such public schools as give instruction in the Elements of Algebra ; (2) in institu- 
tions of learning whose courses of study do not include Higher Algebra ; (3) in schools 
whose object is to prepare students for entrance into our colleges and universities. 
This book will also meet the wants of students of Physics who require some knowledge of 
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Algebra. The student's progress in Algebra depends very largely upon the proper treat- 
ment of the four FuHdamentai Operations, The terms Addition, Subtraction, multiplicattonf 
and DivitioH in Algebra have a wider meaning than in Arithmetic, and these operations 
have been so de-fined as to include their arithmetical meaning ; so that the beginner 
is simply called upon to enlarge his views of those fundamental operations. Much 
attention has been given to the explanation of the negative sign, in onler to remove the 
well-known difBculties in the use and interpretation of that sign . Special attention is 
here called to " A Short Method of Removing Symbols of Aggregation," Art 70. On 
accoimt of their importance, the subjects of Factoring, Greatest Covimon Divisor, and 
Least Common Multiple have been treated at greater length than is usual in elementary 
works. In the treatment of Fractions^ a method is used which is quite simple, and, 
at the same time, more general than that usually employed. In connection with Radical 
Quantities the roots are expressed by fhictional exjionents, fur the principles and rules 
applicable to integral exponents may then be used without modification. The Equation 
is made the chief subject of thought in this work. It is defined near the beginning, 
and used extensively in every chapter. In addition to this, four chapters are devoted 
exclusively to the subject of Equations. All Proportions are equations, and in their 
treatment as such all the difficulty commonly connected with the subject of Pnjportion 
disappears. The chapter on Logarithms will doubtless be acceptable to many teachers 
who do not require the student to master Higher Algebra before entering upon the 
stndy of Trigonometiy. 



HIGHER MATHEMATICS. 
Peck's Manual of Algebra. 

Bringing the methods of Bourdon within the range of the Academic Course. 

Peck's Manual of Geometry. 

By a method purely practical, and unembarrassed by the details which rather confuse 
than simplify science. 

Peck's Practical Calculus. 

Fleck's Analytical Geometry. 

Peck's Elementary Mechanics. 

Peck's Mechanics, with Calculus. 

The briefest treatises on these subjects now publi.slied. Adopted by the great Univer- 
sities : Yale, Harvard, Columbia, Princeton, Cornell, &c. 

Macnie's Algebraical Equations. 

Serving as a complement to the more a<lvance<l treatises on Algebra, giving si)ecial 
attention to the analysis and solution of equations with numerical coefficients. 

Church's Elements of Calculus. 

Church's Analytical Geometry. 

Church's Descriptive Geometry. With plates. 2 vols. 

These volumes constitute the " West Point Course " in tlieir several departments. 
Prof. Church was long the eminent professor of mathematics at West Point Military 
Academy, and his works are standard in all the leading colleges. 

Courtenay's Elements of Calculus. 

A standard work of the very highest gr^e, presenting the most elaborate attainable 
survey of the subject 

Hackley's Trigonometry. 

With appUcations to Navigation and Surveying, Nautical and Practical Ge<nxi<e^^ 
and Geodesy. 
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GENERAL HISTORY. 

Monteith's Youth's History of the United States. 

A History of the UnileJ MlBtes Tnr Iwniime™. it is amiiiited uuon the cate-.heticil plAD. 
with llluatntive iiups and eiigrarintfe. review qnettlons, dates m parei]tlie»s(that tbeir 
•tiwly may be optioniil witb tfia younger class of lewncrs), and Interesting biggrsjibical 
akotiihos of all peisons who have beea prmnmeiitLy Identified niUi (be biatory of our 

Willard's United States. School and University Editions. 

The plan of this atandanl wnrll is cbrnnobigic^Uy exhibited in front of the tltlepue. 

>o diffli'iilt to reiiieiiiber. an so aysteinntii'ally arroDged us in a ^jt degree l« obviatd 
Ow diHU^ully. Ondiir, lni|«rtt«]ity, and aceuraey are the distinguishing features of 

Willard's Universal History. New Edition. 

The m.Bt vnlunble features of the •■ UiUle.! Slates " are reprodured In this. The 
t>e<^aliaritiui of tlis hotIe are its j-reat mni-iseness and the proniinenci! given bi tlie 
flhronnliigirail onlor of svents. The niarh'in marks each sm^cesei™ em with great dis- 

onler of fiislMy Hnnly and usefully In Ills mind. Mrs. WilUud'a bsuka are FonitasUy 

date. Frofewor Arthur QiimuUuu ril'iW ^liat twenu-Uve yean to 1S8£. 

Lancaster's English History. 

By theKaateroftheaionghton Grsinmsr School. Boston, The moat praoticalofOi* 
"brisfboolu.- Though short. It Is nut a bare and uninterestise outline, butfontalna 
ennnttb of aiplaiutinn and detail to make intelligihle the ciniii aitJ r^rt of events. 
Tliiur relationa tA the history nod develof>inent of the American people ia made apecialty 

Willis's Historical Reader. 

Heing Oollter's Oreat Events of History adapted to American eohoola. This rare 
eveiitii on which the destinies of nitioas have turned, iiss been skilfully niauipnlateil 

Berard's History of England. 

l)y an authoress wel) known for the ain-cess of her History of the UDiled SUtet. 
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HISTORY — dnitinued. 

Hanna's Bible History. 

The only compendium of Bible narrative which affords a connected and chronological 
view of tiie important events there recorded, divested of all superfluous detail 

Summary of History; American, French, and English. 

A well-proportioned outline of leading events, condensing the substance of the more 
axtensive text-books in common use into a series of statements so brief, that ev«ry 
word may be committed to memory, and yet so comprehensive that it presents an 
accurate though general view of tlie whole continuous life of nations. 

Marsh's Ecclesiastical History. 

Affording the History of the Church in all ages, with accounts of the pagan world 
during the biblical periods, and the character, rise, and progress of all religions, as well 
as the various sects of the worshipi)ers of Clirist. The work is entirely non-sectarian, 
though strictly catholic. A separate volume contains carefully prepared questions for 
class use. 

Mill's History of the Ancient Hebrews. 

With valuable Chnmological Charts, prepared by Professor Edwards of N. Y. This 
is a succinct account of the chosen people of God to the time of the destruction of 
Jerusalem. Complete in one volume. 

Topical History Chart Book. 

By Miss Ida P. Whitcomb. To be used in connection with any History ^ Ancient or 
Modern, instead of the ordinary blank book for summary. It embodies the names of 
contemporary rulers from the earliest to tlie present time, with blanks under each, in 
which the pupil may write the summary of the life of the ruler. 

Oilman's First Steps in General History. 

A "suggestive outline" of rare comi)actness. Eiu^h country is treated by itself, and 
the United States receive special attention. Frequent mai)s, contemporary events in 
tables, references to standard works for fuller details, and a minute Index constitute 
the '* Illustrative Apparatus." From no other work t^Tat we know of can so succinct a 
view of the world's history be obtained. Considering the necessary limitation of space, 
the style is surprisingly vivid, and at times even ornate. In all respects a charming, 
though not the less practical, text-book. 

Baker's Brief History of Texas. 
Dimitry's History of Louisana. 
Alison's Napoleon First. 

The history of Europe from 1788 to 1815. By Archibald Alison. Abridged by Edward 
S. Gould. One vol., 8vo, with appendix, questions, and maps. 650 pages. 

Lord's Points of History. 

The salient i)oints in the history of the world arranged catechetically for class use oi 
for review and examination of teacher or pupil. By John Lord, LL.D. 12mo, 300 
pages. 

Carrington's Battle Maps and Charts of the American 
Revolution. 

Topographical Maps and Chronological Charts of every battle, with 3 steel portraits 
of Washington. 8vo, cloth. 

Condit's History of the English Bible. 

For theological and historical students this book ha.s an intrinsic value. It gives the 
history of all the English translations down to the present time, together with a careful 
review of their influence upon English literature and language. 
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HISTORY — Continued. 

12. Historical Recreations. — These are additional questions to test the student's 
knowledge, in review, as: "What trees are celebrated in our 'history?" "When 
did a fog save our army?" "What Presidents died in office?" "When was the 
Mississippi our western boundary?" "Who said, *I would rather be right than 
President'?" &e. 

X3p The Illustrations, about seventy in number, are the work of our best artists 
and engravers, produced at great expense. They are vivid and interesting, and mostly 
upon subjects never before illustrated in a school-book. 

14. Dates. — Only the leading dates are given in the text, and these are so associated 
as to assist the memory, but at the head of each page is the date of the event first 
mentioned, and at the close of each epoch a summary of events and dates. 

15. The Philosophy of History is studiously exhibited, the causes and effects 
of events being distinctly traced and their inter-connection shown. 

z6. Impartiality. — All sectional, partisan, or denominational views are avoided. 
I^ts are stated after a careful comparison of all authorities without the least prejudice 
or favor. 

X7. Index. — A verbal index at the close of the book perfects it as a work of reference. 

It will be observed that the above are all particulars in which School Histories have 
been signally defective, or altogether wanting. Many other claims to favor it shares in 
common with its predecessors. 



TESTIMONIALS. 



F^om Prof. Wm. P. Allen, State Uni- 
versity of Wisconsin. 

**Two features that I like very much 
are the anecdotes at the foot of the pa^e 
and the * Historical Recreations' in the 
Appendix. The latter, I think, is quite 
a new feature, and the other is tery well 
executed." 

From Hon. Newton Bateman, Superin- 
tendent Public Instruction t Illinois. 

"Barnes's One-Term History of the 
United States is an exceedingly attrac- 
tive and spirited little l)Ook. Its claim 
to several new and valuable features seems 
well founded. Under the form of six well- 
defined epochs, the history of the United 
States is traded tersely, yet pithily, from 
the earliest times to the present day. A 
good map precedes each epof.h, whereby 
the history and geography of the period 
may be studied together, as tkfy always 
should be. The syllabus of each i)aragraph 
is made to stand in such bold relief, by 
the use of large, heavy type, as to be of 
much mnemonic value to the student. The 
book is written in a sprightly and pi- 
quant style, the interest never flagging 
irom beginning to end, — a rare and diffi- 
cult achievement in works of this kind." 

From Hon. Abner J. Phipps, Superin- 
tendent Schools^ Leunston, Maine. 

** Barnes's History of the United States 



has been used for several years in the 
Lewiston schools, and has proved a very 
satisfactory work. I have examined the 
new edition of it" 

From Hon. R. K. Buchell, Ctty Superin- 
tendent Schools, LMncasteTf Pa. 

" It is the best history of the kind I have 
ever seen." 

From T. J. Charlton, Superintendent 
Public Schools, Vincennes, Ind. 
" We have used it here for six years, 
and it has given almost perfect satisfac- 
tion. . . . The notes in fine print at the 
bottom of the pages are of es|)ecial value." 

From Prof. Wm. A. Mowrv, E. /• C. 
School, Providence^ R. I. 

" Permit me to express my high appre- 
ciation of your book. I wish all text- 
books for the young had equal merit." 

From Hon. A. M. Keiley, City Attorney, 
Late Mayor, and President of the School 
Board, City of Richmond, Va. 

" I do not hesitate to volunteer to you 
the opinion that Banies *s History is en- 
titled to the preference in ahnost eveiy 
respect that distinguishes a good school- 
book. . . . The narrative generally exhibits 
the temper of the judge ; rarely, if ever, 
of tlie advoviaAjfc.'* 
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DRAWING. 

BARNES'S POPULAR DRAWING SERIES. 

Based ui)oq the experience of the most successful teachers of drawing in the United 
States. 

The Primary Course, consisting of a manual, ten cards, and three primary 
drawing bookK, A, B, and C. 

Intermediate Course. Four numbers and a manual. 

Advanced Course. Four numbers aud a manual 

Instrumental Course- Four numbers aud a manual. 

The liitennediate. Advanced, aud lustrumental Courses are furnished either in book 
or card form at the same prices. The books contain the usual blanks, with the unusual 
advantage of opening from the puj>il, — placing the copy directly in trout and above 
the blank, thus occui)ying but little desk-room. The oords are in the end more econom- 
ical than the books, if used in connection with the patent blank folios that accompany 
this series. 

The cards are arranged to be bound (or tied) in the folios and removed at pleasure. 
The i>uj)il at the end of each number has a complete book, containing only his own 
work, while the cojues are preserved and insei'ted in another folio ready for iwe in the 
next class. 

Patent Blank Folios. No. 1. Adapted to Intermediate Course. No. 2. Adapted 
to Advanced and Instrumental Courses. 

ADVANTAGES OF THIS SERIES. 

The Plan and Arrangement. — The exami»les are so arranged that teachers and 
pupils can see, at a glance, how they are to be treated and where they are to l>e copied. 
In this system, copying and designing do not rexreive all the attention. The plan is 
broader in its aims, dealing witli drawing as a branch of common-school instruction, 
and giving it a wide educational vjilue. 

Correct Methods. — In this system the pui>il is led to rely upon himself, and not 
ui)on delusive mechanical aids, as i)rinted guide-marks, &c 

One uf the jtrincipal objects of any good course in freehand drawing is to educate the 
eye to estimate location, form, and size. A system which weakens the motive or re- 
moves the net;essity of thinking is false in theory and ruinous in practice. The object 
should l>e to e<lucate, not cram ; to develop the intelligence, not teach tricks. 

Artistic Effect- — The beauty of the examjiles is not destroyed by crowding the 
pages with useless and badly printed text The Manuals contain all necessary 
instruction. 

Stages of Development. — Many of the examples are accompanied by diagrams, 
showing the ditterent stages of deveh)pmeut 

Lithographed Examples.— The exanii>les are printed in imitation of pencil 
drawing (not in hanl, black lines) that the pupil's work may resemble them. 

One Term's Work. — P^ach book contains what can be accomplished in an average 
term, and no more. Thus a im\n\fHishes one XmoV. before beginning another. 

Quality — not Quantity. — Success in drawing de|)end8 upon the amount of thought 
exercised l>y tlie i>upil, and nut upon the large number of examples drawn. 

Designing. — Elementary design is more skilfully taught in this system than by 
any other. In addition to the instruction given in the books, the pupil will find printed 
on the insides of the covers a variety of beautiful patlenis. 

Enlargement and Reduction. — The practice of enlarging aud reducing tram 
copies is not commenced until the pujiil is well advanced in the course and therefore 
better able to coi»e with this dittiiult feature in drawing. 

Natural Forms. —This is the only course that gives at convenient intervals easy 
and i>rogressive exercises in the drawing of natural fonns. 

Economy. — By the patent binding described al)ove, the copies need not be thrown 
aside when a book is tilled out, but are preserved in perfect condition for future use. 
The blank books, only, will have to be jiurchased after the first introduction, thus effect- 
ing a saving of more than half in the usual cost of drawing-books. 

Manuals for Teachers. — The Manuals accompanying this series contain practical 
instructions for conducting drawing in the class-room, with drfinite directions for draw- 
ing each of the examples in the books, iustructions for designing, model and object 
drawing, drawing from natural forms, &c. 
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DRAWING — Continued. 

Chapman's American Drawing-Book. 

The standard American text-book and authority in all branches of art. A compilation 
of art principles. A manual for the amateur, and basis of study for the professional 
artist. Adapted for schools and private instruction. 

Contents. — '* Any one who can Learn to Write can Learn to Draw.*' — Primary In- 
struction in Drawing. — Rudiments of Drawing the Human ' Head. — Rudiments in 
Drawing the Human Figure. — Rudiments of Drawing. — The Elements of Geometry. — ^, 
Perspective. — Of Studying and Sketching from Nature. — Of Painting. — Etching and* 
Engraving. — Of Modelling. — Of Composition. — Advice to the American Art-Student. 

The work is of course magnificently illustrated with all the original designs. 

Chapman's Elementary Drawing-Book. 

A progressive course of pi-actical exercises, or a text-book for the training of the 
eye and hand. It contains the elements from the larger work, and a copy should be in 
the hands of every pupil ; while a copy of the *' American Drawing-Book," named above, 
should be at hand for reference by the class. 

Clark's Elements of Drawing. 

A complete course in this graceful art, from the first rudiments of outline to the 
finished sketches of landscai>e and scenery. 

Allen's Map-Drav^ing and Scale. 

This method introduces a new era in mai>-drawing, for the following reasons : 1. It 
is a system. This is its greatest merit — 2. It is easily understood and taught. — 
3. The eye is trained to exact measurement by the use of a scale. — 4. By no special 
eflbrt of the memory, distance and comparative size are fixed in the mind. — 5. It dis- 
cards useless constouction of lines. — 6. It can be taught by any teacher, even though 
there may have been no previous practice in map-drawing. — 7. Any pupil old enough 
to study geography can learn by this system, in a short time, to draw accurate maps. 
— 8. The system is not the result of theory, but comes directly from the school-room. 
It has been thoroughly and successfully tested there, with all grades of pupils. — 9. It 
is economical, as it requires no mapping plates. - It gives the pupil the ability of rapidly 
drawing accurate maps. 

FINE ARTS. 

Hamerton's Art Essays (Atlas Series) : — 

No. 1. The Practical 'Work of Painting. 

With portrait of Rubens. 8vo. Pai»er covers. 

No. 2. Modem Schools of Art.. 

Including American, English, and Continental Painting. 8vo. Paper covers. 

Huntington's Manual of the Fine Arts. 

A careful manual of instruction in the history of art, up to the present time. 

Boyd's Karnes' Elements of Criticism. 

The best edition of the best work on art and literary criticism ever produced in 
English. 

Benedict's Tour Through Europe. 

A valuable companion for any one wishing to visit the galleries and sights of the 
continent of Europe, as well as a charming book of travels. 

Dwight's Mythology. 

A knowledge of mythology is necessary to an appreciation of ancient art. 

Walker's World's Fair. 

The industrial and artistic display at the Centennial Exhibition. 
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BOOK-KEEPING TEXT. 

Powers's Practical Book-keeping. 
Powers's Blanks to Practical Book-keeping. 

A Treatise on Book-keepiug, for Public Schools aud Academies. By Millard R 
Powers, M. A. This work is designed to impart instruction upon the science of accounts, 
as applied to mercantile business, and it is believed that more knowledge, and that, too, 
of a more practical nature, can l)e gained by the plan introduced in this work, than by 
any other published. 

Folsom's Logical Book-keeping. 
Folsom's Blanks to Book-keeping. 

This treatise embraces the interesting and important discoveries of Professor Folsom (of 
the Albany " Biyant & Strattou College "), the partial enunciation of which in lectures 
and otherwise has attracted so much attention in circles interested in commercial 
education. 

After studying business phenomena for many years, he has arrived at the positive 
laws and principles that underlie the whole subject of accounts ; finds that the. science 
is based in value as a generic term ; that value divides into two classes with varied 
species ; that all the exchanges of values ai'e reducible to nine equations ; and that all 
the results of all these exchanges are limited to thirteen in number. 

As accounts have been universally taught liitherto, without setting out from a radical 
analysis or definition of values, the science has been kept in great obscurity, and been 
made as difficult to impart as to acquii-e. On the new theory, however, these obstacles 
are chiefly removed. In reading over the first pai't of it, in which the governing laws 
and principles arc discussed, a person with onliuary intelligence will obtain a fair con- 
ception of the double-entry process of accounts. But when he comes to study thorouglUy 
these laws atid principles as there enunciated, and works out the examples and memo- 
randa whit;h elucidate the thirteen results of business, the student will neither fail in 
readily acquiring the science as it is, nor in becoming able intelligently to apply it in 
the interpretaLion of business. 

Smith and Martin's Book-keeping. 
Smith and Martin's Blanks. 

This worii is by a practical teacher and a practical book-keeper. It is of a thoroughly 
popular class, and will be welcomed by every one who loves to see theory and practice 
combined in an easy, concise, and methodical form. 

The single-entry portion is well adapted to supply a want felt in nearly all other 
treatises, which seem to be prepared mainly for the use of wholesale merchants ; 
• leaving retailers, mechanics, farmers, &c. , who transact the greater portion of the 
business of the country, without a guide. The work is also commended, on this 
account, for general use in young ladies' seminaries, where a thorough grounding 
in the simpler form of accounts will be invaluable to the future housekeepers of the 
nation. 

The treatise on double-entry book-keeping coml»ines all the advantages of the 
mo.st recent methods with the utmost simplicity of application, thus affoi-ding the 
pu])il all the advantages of actual experience in the counting-house, and giving a 
clear comprehension of the entire subject through a judicious course of mercantile 
transactions. 



PRACTICAL BOOK-KEEPING. 

Stone's Post-Office Account Book. 

By Micah H. Stone. For record of Box Rents and Postages. Three sizes always in 
stock. 64, 108, and 204 pages. 

INTEREST TABLES. 

Brooks's Circular Interest Tables. 

To calculate simple and compound interest for any amount, from 1 cent to $1,000, at 
current rates from 1 day to 7 years. 
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DR. STEELE'S ONE-TERM SERIES, 
IN ALL THE SCIENCES. 

Steele's 14- Weeks Course in Chemistry. 
Steele's 14- Weeks Course in Astronomy. 
Steele's 14- Weeks Course in Physics. 
Steele's 14- Weeks Course in Geology. 
Steele's 14-Weeks Course in Physiology. 
Steele's 14-Weeks Course in Zoology. 
Steele's 14-Weeks Course in Botany. 

Our text-booka in these studies are, as a general tiling, dull and nninterestiiig. 
They contain from 400 to 000 nages of dry facts and unconnected details. They abound 
in tliat which the student cannot learn, much less remember. The pupil commences 
the study, is confused by the tine print and coai-se print, and neither knowing exactly 
what to learn nor what to hasten over, is crowded through the single term generally 
assigned to each brancli, and freciuently comes to the close without a definite and exact 
idea of a single scicntitic principle. 

Steele's " Fourteen. Weeks Courses " contain only that which every well-informed per- 
son sliould know, wliile all tliat which concerns only the professional scientist is omitted. 
The language is clear, simi)Ie, and interesting, and the illustrations bring the subject 
within the range of honje life and daily experience. They give such of the general 
princii)les and the prominent facts as a pupil can make familiar as household words 
within a single term. The type is large and open; there is no fine print to annoy; 
the cuts are copies of genuine experiments or natural phenomena, and are of fine 
execution. 

In tine, by a system of condensation peculiarly his own, the author reduces each 
branch to the limits of a single term of study, while sacrificing nothing that is essential, 
and nothing that is usually retained from the study of the larger manuals in common 
use. Thus the stu<lent has rare opportunity to economize hU time, or rather to employ 
that which lie has to the best advantage. 

A not<'jble feature is the author's charming "style," fortified by an enthusiasm over 
his subject in which the student will not fail to partake. Believing that Natural 
Science is full of fascination, he has moulded it into a fonn that attracts tlie attention 
and kindles the enthusiasm of the pupil. 

The recent editions (contain the author's "Practical Questions" on a plan never 
before attemjjted in scientitit; text-books. These are questions as to the nature and 
cause of common i)henomena, and are not directly answered in the text, the design 
being to test and promote an intelligent use of the student's knowledge of the foregoing 
j)rinciples. % 

Steele's Key to all His Works. 

This work is mainly composed of answers to the Practic^il Questions, and solutions of the' 
problems, in the author's celebrated " Fourteen- Weeks Courses" in the several sciences, 
with many hints to teachers, minor tables, &c. Should be on every teacher's desk. 

Prof. J. Dorman Steele is an indefatigable student, as well as author, and his books 
have reached a fabulous circulation. It is safe to say of his books that they have 
acr-omplished more tangible and better results in the class-room than any other ever 
oflTered to American 8c1k)o18, and have been translated into more languages for foreign 
schools. They are even produced in raised type for the blind. 
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THE NEW GANOT. 

Introductory Course of Natural Philosophy. 

This liook was originally edited fh)ni Ganot's " Popular PhyBicB," t^ WQUam G. 
Feck, LL.D., Professor of Mathematics and Asti'ononiy, ColumbiA Colle^, ud of 
Muchunics in the School of Mines. It lias recently been revised by Levi 8. Bur- 
bank, A. M., late Principal of Warren A(adeiuy, Wobum, Mass., and JameH L Hanson, 
A.M., Principal of the High School, Wobum, Mass. 

Of elementary works those of M. Ganot stand pre-eminent, not only u popolar 
treatises, but as thoroughly seientitlc exj)Ositions of the principles of FhysiOL His 
" Traite de Physi(ine " has not only met with unprecedenteKl success in Fnnae, bat has 
been extensively used in the pix'i)aration of the best works on Physics that Imys bem 
issued from the American i>ress. 

In addition to the ** Traite de Physique," which is intended for the use of colleges 
and higlier institutions of learning, M. Ganot published this more elementary wort;, 
adapted to the use of schools and academies, in which he fiaithAiIly preserved the 
prominent features and all the scientific accuracy of the larger work. It is ohareter- 
ized by a well-baLinced distribution of subjects, a logical development of sdentiflc 
I>rincii')les, and a remarkable clearness of definitiim and explanation. In addition, it is 
profusi^ly illustrated with beautifully executed cngnivings, admirably ciUculated to 
convey to the mind of the student a clear conception of the principles unfolded. Their 
comi)U>t('uess 2tnd m>.curacy are such as to enable the teacher to dispense with much of 
the ai>i)aratus usually employed in teaching the elements of Physical Science. 

After several years of great itopularity the American publishers have brotufht this 
importjint book tlior<mghly up to the times. The death of the accomplished eaacator. 
Professor liurbank, took place before he had completed his work, and it was then 
taken in hand by his friend, Professor Hanson, who was familiar with his plans, and 
has ably and satisfnctorily brought the work to completioiL 

The essential characteristics and genentl jtlan of the book have, so far as possible, 
been retiined, but at the san:e time many ]>arts have been entirely rewritten, much 
new nuitter added, a large number of new cuts introduced, and the whole treatise 
thoroughly revised and Immght into harmony with the present advanced stage of sd- 
entiilc discovery. 

Among tlie new features designed to aid in teaching the sul^ject-matter are the 
summaries of topics, which, it is thought, will be found very convenient in short 
reviews. 

As many teachers i)refer to jirepare their own qu&stions on the text, and many do not 
have time to spend in the solution of problems, it has been deemed expedient to insert 
lx)tli the review questions and ])roblems at the end of the volume, to be used or not at 
the discretion of the instructor. 



From the Churchmim, 

** No department of 8cien(;e has under- 
gone so many improvements and changes 
in the last (quarter of a century as that of 
natural ]»hih)sophy. So many and so im- 
I)ortant have been the discoveries and 
hiventions in every branch of it that 
ever>'thing seems changed but its funda- 
mental principles. Ganot luis cliapter 
upon chai)ter upon subjects that were not 
so much as known by name to Olmsted ; 
and here we have Ganot, first edited by 
Professor Peck, and afterward revised by 
the late Mr. Burbank and Mr. Hanson. No 
elementiiry works upon philosophy have 
been superior to those of Ganot, either as 
popular treatises or as scientific exposi- 
tions of the principles of physics, and 
his ' Traite de Physifjue ' has not only had 
a great success in France, but has l>een 
freely used in this country in the prepa- 
ration of American books upon the sub- 



jects of which it treats. That work was 
intended for higher Institutions of learn- 
ing, and Mr. Ganot prepared a more 
elementary work for schools and acade- 
mies. It is as scientifically accurate as 
the larger work, and is characterized by 
a logical development of scientific princi- 
]>les, by clearness of definition and expla* 
nation, by a proper distribution of sub- 
jects, and by its admirable engravings. 
We here have Ganot's work enhanced in 
value by the labors of Professor Peck and r^ 
Messrs. Burbank and Hanson, and bmnght 
up to our own times. The essential char> 
acteristics of Ganot's work have been re- 
tained, but much of the book has been 
rewritten, and many new cuts have been 
introduced, made necessary by the prog- 
ress of scientific discovery. The short 
reviews, tlie questions on the text, and 
tlu5 pn)blems given for solution are desir- 
able additions to a work of this kind, and 
will give the book increased popularity." 
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FAMILIAR SCIENCE. 

Norton & Porter's tirst Book of Science. 

Sets forth the principles of Natural Philosophy, Astronomy, Chemistry, Physiology, 
and Geology, on the catechetical plan for primary classes and l>eginners. 

Chambers's Treasury of Knowledge. 

Progressive lessons upon — first, common things which lie most immediately aromid 
us. and first attract the attention of the young mind ; second, common objects from the 
mineral, animal, and vegetable kingdoms, manufactured articles, and miscellaneous 
substances ; third, a systematic view of nature under the various sciences. Hay be 
used as a reader or text-book. 

Monteith's Easy Lessons in Popular Science. 

This book combines within its covers more attractive features for the study of science 
by children than any other book published. It is a reading book, spelling book, com- 
jwsition book, drawing book, geography, history, book on botany, zoology, agricul- 
ture, manufactures, commerce, and natural philosophy. All these subjects are presented 
in a simple and effective style, such as would be adopted by a good teacher on an 
excursion with a class. The class are supposed to be taking excursions, with the help 
of a large pictorial chart of geography, which can be suspended before them in the 
school-room. A key of the chart is inserted in every copy of the book. With this 
book the science of common or familiar things can be taught to beginners. 



NATURAL PHILOSOPHY. 

Norton's First Book in Natural Philosophy. 
Peck's Elements of Mechanics. 

A suitable introduction to Bartlett's higher treatises on Mechanical Philosophy, and 
adequate in itself for a complete academical course. 

Bartlett's Analytical Mechanics. 
Bartlett's Acoustics and Optics. 

A complete system of Collegiate Philosophy, by Prof. W. H. C. Bartlett, of West 
Point Military Academy. 

Steele's Physics. 

Peck's Ganot. 

GEOLOGY. 

Page's Elements of Geology. 

A volume of Chambers's Educational Course. Practical, simple, anrt Amlnently 
calculated to make the study interesting. 

Steele's Geology. 

CHEMISTRY. 

Porter's First Book of Chemistry. 
Porter's Principles of Chemistry. 

The above are widely known as the productions of one of the most eminent scientific 
men of America. The extreme simplicity in the method of presenting the science, while 
exhaustively treated, has excited universal commendation. 

Gregory's Chemistry (Organic and Inorganic). 2 vols. 

The science exhaustively treated. For colleges and medical students. 

Steele's Chemistry. 
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NATURAL SCIENCE— Con«nu«d. 

BOTANY. 

Wood's Object-Lessons in Botany. 
Wood's American Botanist and Florist. 
Wood's New Class-Book of Botany. 

The standard text-books of the United States in this department. In style they are 
simple, popular, and lively ; in arrangement, easy and natural ; in description, ^phic 
and scientific. The Tables for Analysis are reduced to a perfect system. They mclude 
the flora of tiie whole UniUid States Ciist of the Rocky Mountains, and are well adapted 
to the regions west. 

Wood's Descriptive Botany. 

A complete flora of all plants growing east of the Mississippi River. 

Wood's Illustrated Plant Record. 

A simple form of blanks for recording observations in the fleld. 

Wood's Botanical Apparatus. 

A portable trunk, containing drying press, knife, trowel, microscope, and tweezers, 
and a copy of Wood's " Plant Record," — the collector's complete outfit. 

Willis's Flora of New Jersey. 

The most useful book of reference ever published for collectors in all parts of the 
country. It contains also a Botanical Directory, with addresses of living American 
botanists. 

Young's Familiar Lessons in Botany. 

Combining simplicity of diction with some degree of technical and scientific knowl< 
edge, lor intermediate classes. Specially adapted for the Southwest. 

Wood & Steele's Botany. 

See page 33. 



AGRICULTURE. 



Pendleton's Scientific Agriculture. 

A text-book for colleges and schools ; treats of the following topics : Anatomy and 
Physiology of Plants ; Agricultural Meteorology ; Soils as related to Physics ; Chemistry 
of tl\e Atmosphere ; of Plants ; of Soils ; Fertilizers and Natural Manures ; Animal Nu- 
trition, &c. By E. M. Pendleton, M. D., Professor of Agriculture in the University of 
Georgia. 



From. President A. D. White, Comdl 
University. 

** Dear Bir: I have examined your 
* Text- book of Agricultural Science,' and it 
seems to me excellent in view of the pur- 
pose it is intended to serve. Many of 
your chapters interested me especially, 
and all parts of the work seem to combine 
scientific instruction with practical infor- 
mation in proportions dictated by sound 
common sense." 



From President Robinson, of Brown 
University. 

'* It is scientific in method as well as in 
matter, comprehensive in plan, natural 
and logical in order, compact and Incid in 
its statements, and must be useful both as 
a text-book in agricultural colleges, and 
as a hand-book for intelligent planters and 
farmers." 
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NATURAL SCIENCE— Continued* 

PHYSIOLOGY. 

Jarvis's Elements of Physiology. 
Jarvis's Physiology and Laws of Health. 

The only books extant which approach this subject with a i>roper view of the trae 
object of teaching Physiology in schools, viz. , that scholars may know how to take care 
of their own health. In bold contrast with the abstract AucUomies, which children 
learn as they would Greek or Latin (^nd forget as soon), to disciplini- the mindf are these 
text-books, using the science as a secondai-y consideration, and only so far as is iMces- 
sary for the comprehension of the laws of heaUh. 

Steele's Physiology. 

See page 33. 

ASTRONOMY. 

Willard's School Astronomy. 

By me^ns of clear and attractive illustrations, addressing the eye in many cases by 
analogies, careful definitions of all necessary technical terms, a careful avoidance of ver- 
biage and unimportant matter, particular attention to analysis, and a general adoption 
of the simplest methods, Mrs. Willard has made the best and most attractive elemen- 
tary Astronomy extant. 

Mclntyre's Astronomy and the Globes. 

A complete treatise for intermediate classes. Highly approved. 

Bartlett's Spherical Astronomy. 

The West Point Course, for advanced classes, with applications to the current wants 
of Navigation, Geography, and Chronology. 

Steele's Astronomy. 

See page 33. 

NATURAL HISTORY. 

Carll's Child's Book of Natural History. 

Illustrating the animal, vegetable, and mineral kingdoms, with application to the 
arts. For beginners. Beautifully and copiously illustrated. 

Anatomical Technology. Wilder & Gage. 

As applied to the domestic cat For the use of students of medicine. 



ZOOLOGY. 

Chambers's Elements of Zoology. 

A complete and comprehensive system of Zoology, adapted for academic instruction, 
presenting a systematic view of the animal kingdom as a portion of external nature. 

Steele's Zoblogy. 

Bee page 83. 
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* LITERATURE. 

Gilman's First Steps in English Literature. 

The character *nd plan ot this eiquiaitu littln teit-lnok iiial be best 111 

. in uiBlriisof its cnnWnU : InlroductLon. Hislor<c&] Period of Itn mature Bngliili. 
with Chart ; DfAnition of Ttrms : Laa^agea of Europe, with Chart ; Period of Mature 
English, nitli Chut : a Chart of Bible TranalatioDe, a Bibliography or Oaide to Qeneral 
Beading, and other aids to the student. 

Cleveland's Compendiums. 3 vols. 12mo. 

Enqltsh Literature. American LrnuUTuiic. 

EnOUSU LlTERATUim OF THE SIXTH CbIITIIB¥. 

In these volumes aregaUiereil the cream of the literature of the Engllah-tpeatlng 

Boyd's English Classics. 6 vols. Cloth. 12mo. 

Milton's Paradise Lost. Thomson's Seasons. 

TouNo's NiOHT Thouohts. Pollok's Coohse of Tdib. 

CowPEB's 'Task, Table Talk, &o. Lord Bacon's Essavb. 
This aeries of annotated edltlonn of great Enullsh writers Inprose and poetry la 
designed for criticsl reading and parahig In achoola. Prof. J. R Boyd proves hiniself 

toliieatudy of bellea-lettrea, &c., these vDrks have do equ^. 

Pope's Essay on Man. 16mo. Paper. 
Pope's Homer's Iliad. 32n)0. Roan. 

The metrical translation of the great poet of antiquity, and the matchless " Essay nn 
the Nature and State of Usn," by ^eisnder Pope, afford superior exercise In tltentun 
and parshig. 

POLITICAL ECONOMY. 

Champlin's Lessons on Political Economy. 

Ad Improvement on provions treatises, being shorter, yet containing everything 
esaenClal, with a view of recent qneitlous in Qnance, ftc. which la not els«wh*[t 
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ESTHETICS. 

Huntington's Manual of the Fine ArtSo 

A view of the me and progress of art in different countries, a brief accomit of the 
most eminent masters of art, and an analysis of the principles of art. It is complete 
in itself, or may precede to a<lvantage the critical work of Lord Kame& 

Boyd's Karnes's Elements of Criticism. 

The best edition of this standard work ; without the study of which none may be 
considered proficient in the science of the perceptions. No other study can be pursued 
with so marked an effect upon the taste and refinement of the pupiL 



ELOCUTION. 

Watson's Practical Elocution. 

A scientific presentment of accepted principles of elocutionary drill, with black- 
board diagrams and full coUection of examples for class drilL Cloth. 90 pages, 12mo. 

Taverner Graham's Reasonable Elocution. 

Based upon the belief that true elocution is the ri^ht interpretatiob of thought, 
and guiding the student to an intelligent appreciation, instead of a merely meclianical 
knowledge, of its rules. 

Zachos's Analytic Elocution. 

All departments of elocution — such as the analysis of the voice and the sentence, 
phonology, rhythm, expression, gestui-e, &u. — are here arranged for instruction in 
classes, illustrated by copious examples. 



SPEAKERS. 

Northend's Little Orator. 
Northend's Child's Speaker. 

Two little works of the same grade but different selections, coDtainiug simple and 
attractive pieces for children under twelve years of age. 

Northend's Young Declaimer. 
Northend's National Orator. 

Two volumes of prose, poetry, and dialogue, adapted to intermediate and grammar 
classes respectively. 

Northend's Entertaining Dialogues. 

Extracts eminently adapted to cultivate the dramatic faculties, as well as entertain. 

Oakey's Dialogues and Conversations. 

For school exercises and exhibitions, combining useftil instruction. 

James's Southern Selections, for Beading and Oratory. 

Embracing exclusively Southern literature. 

Swett's Common School Speaker. 
Raymond's Patriotic Speaker. 

A • superb compilation of modem eloquence and x)oetry, with original dramatic 
exerciseis. Nearly every eminent modem oratoi is lepieaented. 

40 



THE NATIONAL SERIES OF STANDARD SCHOOL-BOOKS. 



COMPOSITION AND RHETORIC. 

Brookfield's First Book in Composition. 

Making the cultivation of this important art feasible for the smallest child. By a 
new method, to induce and stimulate thought 

Boyd's Composition and Rhetoric. 

This work furnishes all the aid that is needful or can be desired in the yarlouB 
departments and styles of composition, both in prose and verse. 

Day's Art of Rhetoric. 

Noted for exactness of definition, clear limitation, and philosophical development 
of subject ; the large share of attention given to invention, as a branch of rhetoric, 
and the imequalled analysis of style. 

Bardeen's Rhetoric. (In press.) 



PUNCTUATION. 



Cocker's Handbook of Punctuation. 

With instructions for capitalization, letter-writing, and proof-reading. Most works 
on this subject are so abstruse and technical that the unprofessional reader finds them 
difficult of comprehension ; but this little treatise is so simple and comprehensive that 
persons of very ordinary intelligence can readily understand and apply its principles. 



MIND AND MORALS. 

Mahan's Intellectual Philosophy. 

The subject exhaustively considered. The author has evinced learning, candor, and 
independent thinking. 

Mahan's Science of Logic. 

A profound analysis^of the laws of thought. The system possesses the merit of being 
intelligible and self-consistent. In addition to the author's carefully elaborated views, 
it embraces results attained by the ablest minds of Great Britain, Germany, and France, 
in this department. 

Boyd's Elements of Logic. 

A systematic and philosophic condensation of the subject, fortified with additions 
from Watts, Abercrorabie, Whately, &c. 

Watts on the Mind. 

The " Improvement of the Mind," by Isaac Watts, is designed as a guide for the attain- 
ment of useful knowledge. As a text-book it is imparalleled ; and the discipline it 
affords cannot be too highly esteemed by the educator. 

Peabody's Moral Philosophy. 

A short course, by the Professor of Christian Morals, Harvard University, for the 
Freshman class and for high schools. 

Butler's Analogy. Hobart's Analysis. 

Edited by Prof. Charles E. West, of Brooklyn Heights Seminary. 228 pages. 16mo. 
Clpth. 

Alden's Text-Book of Ethics. 

For young pupils. To aid in systematizing the ethical teachings of the Bible, and 
point out the coincidences between the instructions of the sacred volume axLd.tb.<^«fi^^Ji&^ 
conclusions of reason, 
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GOVERNMENT. 

Howe's Young Citizen's Catechism. 

BiplaiuiDg the dutiea of diatjlct, town, city, county, State, «nd United f 
offlcera, wLCh rulea for p&Tliamftnluy and culnmercial businesB. 

Young's Lessons in Civil Government. 



showing the righta. 



tfae Gmenl md State Ooven 



Mansfield's Political Manual. 

This is a coniulele view of the theory and practi 

■nenti, designed b> b text-book. The author Is an ealeemed aiiu >.uid iimieniHii m v-uu- 
■titutjonal [aw, widely known for his eagsoiaua utterance \a the pubJio preu. 

Martin's Civil Government. 

EiuBnating fmni Hassaehusetta aute Normal SchooL Hiatorical ud BUtisticil. 
Each chapLeE suDimarized by a suoclnct Btalenient of underlying principles on which 

Gallaudct's International Law. 

ily work bringing the snbject within Uio oompaaB ot a 



hy WUinot L. Wairen. 



s»% 




F1B9I iMCononvr. 



THE NATIONAL SERIES OF STANDARD SCHOOL-BOOK^ 

MODERN LAN GUAGES, 

A COMPLETE COURSE IN THE GERMAN. 

By James H. Worman, A.M., Professor of Modem Languages in the Adelphi Acad' 
^my, Brooklyn, L. I. 

\Vorman's First German Book. 
Worman's Second German Book. 
Worman's Elementary German Grammar. 
Worman*s Complete German Grammar. 

These volumes are designed for intermediate and advanced classes respectively. 

Though following the same general method with " Otto " (that of '* Gaspey ''), our 
author differs essentially in its application. He is more practical, more systematic 
more accurate, and besides introduces a number of invaluable features which have 
never before been combined in a German grammar. 

Among other things, it may be claimed for Professor Worman that he has been tKt 
first to introduce, in an American text-book lor learning German, a system of analogy and 
comparison with other languages. Our best teachers are also enthusiaistic about his 
method^ of inculcating the art of speaking, of understanding the spoken language, of 
correct pronunciation ; the sensible and convenient original classification of nouns (iu 
four declensionsX and of irregular verbs, also deserves much praise. We also note the 
use of heavy type to indicate etymological changes in the paradigms and, in the exer- 
cises, the parts which specially illustrate preceding rules. 

Worman*s Elementary German Reader. 
Worman's Collegiate German Reader. 

The finest and most judicious compilation of classical and standard German literatura 
These works embrace, progressively arranged^ selections from the masterpieces of 
Goethe, Schiller, Komer, Seume, Uhland, Freiligrath, Heine, Schl^el, Holty, Lenau, 
Wieland, Herder, Lessing, Kant, Fichte, Schelling, Winkelmann, Humboldt, Ranke, 
Raumer, Menzel, Gervinus, &c., and contain complete Goethe's " Iphigenie,'* Schiller's 
"Jungfrau;" also, for instruction in modem conversational German, Benedix's 
*' Eigensinn." 

There are, besides, bi(^raphical sketches of each author contributing, notes, explan- 
atory and philological (after the text), grammatical references to all leading grammars, 
as well as the editor's own, and an adequate Vocabulary. 

Worman's German Echo. 

Worman's German Copy-Books, 3 Numbers. 

On the same plan as the most approved systems for English penmanship, with 
progressive copies. 

CHAUTAUQUA SERIES. 
First and Second Books in German. 

By the natural or Pestalozzian System, for teaching the language without the help 
of the Learner's Vernacular. By James H. Worman, A. M. 

These books belong to the new Chautauqua German Language Series, and are in- 
tended for beginners learning to speak German. The peculiar features of its method 
are: — 

1. It teaches the language by direct appeal to illustrations of the objects 
referred to, and does not allow the student to guesa what is said. He speaks from the 
first hour understarulingly and accurately. Therefore, 

2. Grammar is taught both analytically and synthetically throughout the 
course. The beginning is made with tbe auxiliaries of tense and mood, because their 
kinship Mrith the English makes them easily intelligible ; then follow the declensions of 
nouns, articles, and other parts of speech, always systematically arranged. It is easY 
to confuse the pupil by giving him one person ot oive caaft a.\i «*. \ivs»ft. Tvxva, ^(j«c«ss5\^q^ 
practice is discarded. Books that beget imsyBtomaUi^ ^atoWa ol XXxssv^sgoN. «5Kft» ^^-tsfc^sass. 
worthless. 
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MODERN hANQVAQES — Continued. 

3. The ruaffS are introduced after the examples ; the purpose being to employ 
first the lower or sense faculty of the mind. 

4. Everything is taught by contrast and association, to avoid overtaxing the 
memory at the expense of the reason. 

5. The lessons convey much practical varied information, and engage the ob- 
serving as well as the thinking faculties of the learner's mind. 

In short, this brief series contains within its few pages all the essentials of Grerman 
Grammar so presented that their masteiy is easy, and the student prepared upon its 
completion to enter upon the study of the more recondite, complicated, and irregular 
principles of the language. 



From Prof. Schele de Verb, autlior of a 
French Grammar, Stvdies in English^ Ac, 
dtc.. University of Virginia, Va. 

Prof. Jahes H. Worman. 

My dear Sir, — Your very liberal pub- 
lishers (Messrs. A. 8. Barnes & Co.) have 
done me the honor to send me a copy of 
your excellent works, The First French and 
the Second German Book. It needed 
no introduction in the shape of compli- 
mentary notices sans nombres to call my 
attention to the eminent merits of these 
valuable publications. But I was sin- 
cerely glad that the public at large, as 
well as me, confreres litteraires dans ce 
departement de la Linguistique, have at 
length discerned the great advantages of 
your method, and enabled you and your 
publishers to bring out your works in a 
style so truly in sympathy with the in- 
trinsic value of the different volumes. 

Most unfortunately — for bow I should 
delight to wield such exquisitely shaped 
and sharpened instruments to make my 
way into thick crania and dense brains ! 
— our university way of teaching does 
not admit of the admirable method pre- 
scribed in your volumes. The laws of 
the Medes are as irreversible here as the 
Decrees of Mr. Jefferson, and when I fan- 
cied I had obtained the victorj', I found 
myself faced by a stem decree. All 1 can 
do, therefore, is to recommend your works 
most earnestly and most urgently, in the 
point of economy, to my young graduates, 
hundreds of whom leave us every harvest 
time, to scatter their seeds broadcast over 
the vast fields of the South, and to profess 
boldly their adherence to the confessions 
of their teachers. 

Wishing you heartily the best success, 
and hoping that I shall be able hereafter 
also modestly to assist you, I remain, very 
sincerely yours, Schele De Verb. 

From Head Master, Boston {Mass.) Normal 
School. 

Messrs. A. S. Barnes & Co.,— I want to 
ttiank you for the copies of those beautiful 



little books for beginners in German and 
French prepared by Professor Worman. 
The Professor is taking his pupils 
along the right road rapidly and delight- 
fully. 

Whatever may be said of the tedious-- 
ness of learning the grammar of a new 
language, I think all will agree that the 
great labor is mastering the vocabulary. 
And it is just at this point that 1 think 
these books are of great use. The exercises 
are so developed out of pictured objects and 
actions, and are so well graduated that 
almost ftom the very outset they go alone. 
A beginner would have little use for 
a dictionary in reading the *' First French 
Book;" and yet the words are so introduced 
and so often used, that the meaning is 
kept constantly before the mind, without 
the intervention of a translation. By this 
means the pupil soon miUces them his 
permanent possession. 

A dozen volumes as well graduated as 
these would do much to give the student 
an extended vocabulary. I trust Professor 
Worman will continue his good work. 
Yours very truly, 

L. DXJNTOK. 

From Mr. R. T. Taylor, of Beaver, Pa. 

Messrs. A S. Barnes & Co. 

Dear Sirs, — Your kindness in sending 
books appreciated. I have examined Pro- 
fessor Worman's " First French Book " and 
1 think it the best thing of the kind I hare 
ever seen. There is just enough of the 
grammar combined to make the natural 
method practicable. I shall introduce 
the work into my school this fall. We have 
been using Professor Worman's German 
books and are veiy much pleased with 
them. The '* Echo," in particular, de- 
lights pupils. They make more advance- 
ment in one year by this method than in 
two by the old manner of teaching. 

Wishing you success in your business* 
I am 

Yours very truly, 

R. T. Taylob- 
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FRENCH. 

Worman's First Book in French. 

The first book in the companion series to the successful German Series by the same 
author, and intended for those wishing to speak French. The peculiar features of Pro- 
fessor Worman's new method are : — 

1. The French language is taught without the help of English. 

2. It appeals to pictorial illttsti'atioM for the names of objeiks. 
8. The learner speaks from the tirst hour understandingly. 
4. Grammar is taught to prevent missteps in composition. 

6. The laws of the langua^ are taught analyticaUy to make them the learner's own 
inferences (= deductions). 

6. Rapidity of progress by dependence upon associoHon and contrasts. 

7. Strictly graded lessons and conversations on familiar, interesting, and instructive 

topics, providing the words and idioms of every-day life. 

8. Paradigms to give a systematic treatment to variable inflections. 

9. Heavy type for inflections, to make the eye a help to the mind. 

10. Hair line type for the silent letters, and links for words to be connected, in order 
to teach an accurate pronunciation. 

Worman's French Echo. 

This is not a mass of meaningless and parrot-like phrases thrown together for 
a tourist's use, to bewilder him when in the presence of a Frenchman. 

The " Echo de Paris " is a strictly progressive conversational book, beginning with sim- 
ple phrases and leading by fluent repetition to a mastery of the idioms and of the 
every-day language used in business, on travel, at a hotel, in the chit-chat of 
society. 

It presupposes an elementary knowledge of the language, such as may be acquired 
ftom the First French Book by Professor Worman, and furnishes a running French 
textf allowing the learner of course to And the meanmg of the words (in the appended 
Vocabulary), and forcing him, by the absence of ^iglish in the text, to think in 
French. 



Cher Monsieur Worman, — Vousnie 
demandez mon opinion sur votre " Echo de 
Paris" et quel usage j'en fais. Je ne 
saurais mieux vous repondre qu'en repro- 
duisant une lettre que j'ecrivais demi6re- 
ment 4 un collogue qui ^tait, me disait-il, 
" bien fatigue de ces insipides livres de 
dialogues." 

" vous ne connaissez done pas," lui 
disais-je, " 'rEcho de Paris,' 6dite par le 
Professor Worman? C'est un veritable 
tresor, merveilleusement adapte au devel- 
oppement de la conversation famili^re et 
pratique, telle qu'on la veut aujourd'hui. 
Get excellent livre met successivement en 
sctoe, d'une mani^re vive et interessante. 



tovies les circonstances i>os8ibles de la vie 
ordinaire. Voyez I'immense avantage 
il vous transporte en France ; du premier 
mot, je m'imagine, et mes 616ves avec moi, 
que nous sommes k Paris, dans la rue, sur 
une place, dans une gare, dans un salon, 
dans une chambre, voire mdme 4 la cui- 
sine ; je parle comme avec des FranQais ; 
les el^ves ne songent pas 4 traduire de 
I'anglais pour me rei>ondre ; ils pensent 
en frangais ; ils sont Frangais pour le 
moment par les yeux, par I'oreille, par la 
pensee. Quel autre livre pourrait produire 
cette illusion? . . ." 

Votre tout d6vou6, 

A. DE RonOEMOMT. 



Illustrated Language Primers. 

French and English. German and Enolish. 

Spanish and English. 

The names of common objects properly illustrated and arranged in easy lessons. 

Pujol's Complete French Class-Book. 

OflTers in one volume, methodically arranged, a complete French course — usually 
embraced in series of from Ave to twelve books, including the bulky and expensive 
lexicon. Here are grammar, conversation, and choice literature , selected ft*om the 
best French authors. Each branch is thoroughly handled ; and the student, having 
diligently completed the course as prescribed, may consider Mvxv%fc\X, 'wAIassvsX. \sii<X!k«t 
application, aufaU in the most polite and elegant Ung^iagb ot uvcAKrciN^cai^s^ 
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MODERN lAHaUAOES— CmHnu&L 

Pujol's French Grammar, Exercises, Reader. Svola. 

TheK volames contain Fart I., Parts II. and III., and Pan IV. orthtCoBi^itoCto*' 
Book nupectlvslj, fOi tbe coDVsuleiice of Mhobn uid lescben, Tbs LaiisailBkOTBA 

Maurice-Poitevin's Grammaire Fran^aise. 

Amftrlcau BchooJa arp at laal Bapf>Jied with an AiDerican edittoa of tbla iknuna teit- 
xjok. Many of our beat LoatLtutJoiia have for yuan be*n procDririg It fnnD Bbroad 



ANCIENT LANGUAGES. 




LATIN. 

Searing's Virgil's .ffineid. 

1. It oonlaina oblj the Urat bLi books of the ^neid. a. K 
Diotiouaiy. S. StiffiotenOy copious notes. 4. C 



"Mj attention wi 
Virgil by the fact of 



portion of it« note", and the (wnerafei. 
Tbegenetal c&«raot«raf tb« b^.ln its 



paper, fta typogrraphT, and il» engravingi 
is highly commendabk, and Che fae-rtmi 
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GREEK. 



Scarborough's First Lessons in Greek, 

A new twu'lf^nn teit-book, with onpioua notpa and referenc 
ODOdwin and Hblley» and an adequate VocabuLoryr Deaigiusd i 



EletnenUt? DriU- 
Gresk Unguage, " 

points ot tliB OiBek etymolofy and ayn- 



ffloiant U. introduce the l«raer to Oooawin'B Oreek Beade 




aitt and referenc« are full fnondi In STerr wrtlcula 


to give tha 
dptineiplBof 


erb la Introduced carl;, ae that the InflMUona ot nau 


"1 ."^ T!G? 



V. The book 1b divided into two puts. The flrst condlatsoT Beventy-elghtleaaoiu. 
with Greek and Engllah leaaona sllenuitiaK. The second, of selections fivm tha 
Anabaaia (pirta of the 1st and Bth chapten, Bk. I.) and the Memorabilia (the Choice ot 
Hercules, Bk. II.. cMpter 1). 



VL The bfnA U rvJ^trU ^ ail ^Tposa ill ndinttRiary InttrwAian. 

« The BtUgioi^ HtnM. Horymi, Ct 
Weue hlgfalTpleaisd with this ele- 
mentary work. The elghtj-BTC leaaons at 



■7 well be taken In afteen 



Cllrectlji fnini the fliat part to the Ana- 
B. Tha arrangement of lessoua ia 
good, whir* the teacher will employ at 



lopea the aubject natunll;and euily 
id IS handaomely printed. The methodB 
a practical teacher are everTwhars 

PTo/«ior iif Crat, Obertin CalUgt, 0*fo, 

led Profess 



. Ian 






with 



PTinelpaloI P'Jjl■^a.^J>^. S«w.v-™»r*, 
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SCHOOL MUSIC. 

The National School Singer. 

Bright, new music for the day school, embracing Song Lessons, Exercise Songs, Songs 
of Study, Order, Promptness, and Obedience, of Industry and Nature, Patriotic and 
Temperance Songs, Opening and Closing Songs ; in fact, everything needed in the 
school-room. By an eminent musician and composer. 

Jepson's Music Readers. 3 vols. 

These are not books from which children simply learn songs, parrot-like, bnt teach 
the subject progressively, the scholar learning to read music by methods similar to 
those employed in teaching him to read i)rinted language. Any teacher, however igno- 
rant of music, provided he can, upon trial, simply sound the scale, may teach it without 
assistance, and will end by being a good singer himself. The " Elementary Music 
Reader," or first volume, fully develops the system. The two companion volumes carry 
the same method into the higher grades, but their use is not essential. 

The First Reader is also published in three parts, at thirty cents each, for those who 
prefer them in that form. 

Nash and Bristow's Cantara. 

The first volume is a complete musical text-book for schools of every grade. No. 2 is 
a choice selection of solos and part songs. The authors are Directors of Music 
in the public schools of New York City, in which these books are the standard of 
instruction. 

The Polytechnic. 

Collection of Part Songs for High and Normal Schools and Clubs. This work con- 
tains a quantity of exceedingly valuable material, heretofore accessible only in sheet 
form or scattered in numerous and costly works. The collection of " College Songs " 
is a very attractive feature. 

Curtis's Little Singer, — School Vocalist. 

Kingsley's School-Room Choir, — Young Ladies' 
Harp. 

Hager's Echo (A Cantata). 



SCHOOL DEVOTIONAL EXERCISE. 

Brooks's School Manual of Devotion. 

This volume contains daily devotional exercises, consisting of a hymn, selections of 
Scripture for alternate reading by teacher and pupils, and a prayer. Its value for oi)en- 
ing and closing school is apparent. 

Brooks's School Harmonist. 

Contains appropriate tunes for each hymn in the *' Manual of Devotion " described 
above. 

Bartley's Songs for the School. 

A selection of appropriate hymns of an unsectarian character, careftilly classified 
and set to popular and " singable " tunes, for opening and(Llo%\ii% ^i^^c^vifta^ TMi'?i«^2QL- 
lar DeparUncnt is tuJl of br^t and 'well-selecled. ixmBv&. 
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TEACHJERS' AIDS AND SCHOOL REQUISITES. 

CHARTS AND MAPS. 

Baade's Reading Case. 

This remarkable piece of school-room furniture is a receptacle containing a number 
of primary cards. By an arrangement of slides on the front, one sentence at a time is 
shown to the class. Twenty-eight thousand transpositions may be made, affording a 
variety of progressive exercises which no other piece of apparatus offers. One of its 
best features is, that it is so exceedingly simple as not to get out of order, while it may. 
be operated with one finger. 

Clark's Grammatical Chart. 

Exhtbit.s the whole science of language in one comprehensive diagram. 

Davies's Mathematical Chart. 

Elementary mathematics clearly taught to a full class at a glance. 

De Rupert's Philological and Historical Chart. 

This very comprehensive chart shows the birth, development, and progress of the 
literatures of the world ; their importance, their influence on each other, and the cen- 
tury in which such influence was experienced ; with a list for each country of standard 
authors and their best works. Illustrating also the division of languages into classes, 
families, and groups. Giving date of settlement, discovery, or conquest of all countries, 
with their government, religion, area, population, and the percentage of enrolment for 
1872, in the primary schools of Europe and America. 

Eastman's Chirographic Chart. Family Record. 
Giffins's Number Chart. 

Teaches addition, subtraction, multiplication, and division. Size, 23x81 inches. 

Marcy*s Eureka Tablet. 

A new system for the alphabet, by which it may be taught without fail in nine lessons. 

McKenzie^s Elocutionary Chart. 
Monteith's Pictorial Chart of Geography*. 

A crayon picture illustrating all the divisions of the earth's surface commonly 
taught in geography. 

Wm. L. Dickinson, Superintendent of in all good geographies. I think the 

Schooh, Jersey City, says. chart would be a great help in any pri- 

" It is an admirable amplification of the inary department." 
system of pictorial illustration adopted 

Monteith's Reference Maps. School and Grand Series. 

Names all laid down in small type so that to the pupil at a short distance they are 
outline maps, while they serve as their oven key to the teacher. 

Page's Normal Chart. 

The whole science of elementary sounds tabulated. 

Scofield's School Tablets. 

On five cards, exhibiting ten surfaces. These tablets teach orthography, reading, 
object-lessons, color, form, &c. 

Watson's Phonetic Tablets. 

Four cards and eight surfaces ; teaching pronunciation and elocution phonetically. 
For class exercises. 

Whitcomb's Historical Chart. 

A student's topical historical chart, from the creation to the present time, including 
results of the latest chronological research. Arranged with spaces for summary, that 
pupils may prepare and review their own chart in connection with any text-book. 

Willard's Chronographers. 

Historical Four numbers : Ancient chronographer, English chronographer, Ameri- 
CSD chroDc^rapher, temple of time (generaiy B&tjcA uix^ v^eaXa T«^t«»«QXM^.\«:k *CQi& ^^ 
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APPARATUS. 

Bock's Physiological Apparatus. 

A collection of twenty-seven anatomical models. 

Harrington's Fractional Blocks. 
Harrington's Geometrical Blocks. 

These patent blocks are hinged^ so that each form can be disaectsd. 

Kendall's Lunar Telluric Globe. 

Moon, globe, and tellnrian combined. 

Steele's Chemical Apparatus. 
Steele's Geological Cabinet. 
Steele's Philosophical Apparatus. 
Wood's Botanical Apparatus. 



RECORDS. 

Cole's Self-Reporting Class Book. 

Foi saving the teacher's labor in averaging. At each opening are a ftill set of tables 
showing any scholar's standing at a glance, and entirely obviating the neceeflity of 
comimtatioiL 

Tracy's School Record. {FSLfiS^n.} 

For keeping a simple but exact record of attendance, deportment, and scholarship. 
The larger edition contains also a calendar, an extensive list of topics for compositions 
and colloquies, themes for short lectures, suggestions to young teachers, &c. 

Benet's Individual Records. 
Brooks's Teacher's Register. 

Presents at one view a record of attendance, recitations, and deportment for the 
whole term. 

Carter's Record and Roll-Book. 

This is the most complete and convenient record offered to the public. Besides the 
usual spaces for general scholarship, deportment, attendance, Ace, for each name and 
day, there is a space in red lines enclosing six minor spaces in blue for recording 
recitations. 

National School Diary. 

A little book of blank forms for weekly report of the standing of each scholar, fW>m 
teacher to parent. A great convenience. 



REWARDS. 

National School Currency. 

A little box containing ceilitlcates in the form of money. The most entertaining and 
stimulating system of school rewards. The scholar is paid for his merits and fined for 
his short-comings. Of course the most faithful are the most successful in business. 
In this way the use and value of money and the method of keeping accounts are also 
taught One box of currency will supply a school of fifty pupils. 
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PENMANSHIP, PENS, &c. 

Beers's System of Progressive Penmanship. 
Per dozen 

This *' round hand ** system of Penmanship, in twelve numbers, commends itself by 
its simplicity and thoroughness. The first four numbers are primary books. Nos. 5 to 
7, advanced books for boys. Nos. 8 to 10, advanced books for girls. Nos. 11 and 12, 
ornamental penmanship. These books are printed from steel plates (engraved by 
McLees), and are unexcelled in mechanical execution. Large quantities are annually 
sold. 

Beers's Slated Copy Slips. Per set . . . . . 

All beginners should practise, for a few weeks, slate exercises, familiarizing them 
with the form of the letters, the motions of the hand and arm, &c., &c. These copy 
Blips. 82 in number, supply all the copies found in a complete series of writing-books, 
at a trifling cost 

Payson, Dunton, & Scribner's Copy-Books. 
Per dozen 

The National System of Penmanship, in three distinct series: (1) Common 
School Series, comprising the first six numbers ; (2) Business Series, Nos. 8, 11, and 
12 ; (3) Ladies' Series, Nos. 7, 9, and 10. 

Fulton & Eastman's Chirographic Charts . . 

To embellish the school-room walls, and furnish class exercise in the elements of 
Penmanship. 

Payson's Copy-Book Cover. Per hundred . . 

Protects every page except the one in use, and furnishes * ' lines " with proper slope 
for the penman, under. Patented. 

National Steel Pens. Card with all kinds . . . 

Pronounced by competent judges the perfection of American-made pens, and supe- 
rior to any foreign article. 



SCHOOL SERIES. 

School Pen, per gross $0.60 

Academic Pen do 63 

Fine Pointed Pen, per gross ... .70 

POPULAR SERIES. 

Capitol Pen, per gross $1 00 

do. do. per l>ox of 2 doz. . . .25 

Bullion Pen (irait. gold) per gross .75 

Ladies' Pen do. . . .63 



Index Pen, per gross ^75 



BUSINESS SERIES. 



Albata Pen, per gross . . 
Bank Pen, do. . . 
Empire Pen do. . . 
Commercial Pen, per gross 
Express Pen, do. 

Falcon Pen, do. 

Elastic Pen, do. 



f0.40 
.70 
.70 
.60 
.75 
.70 
.75 



Stimpson's Scientific Steel Pen. Per gross . . $1.50 

One forward and two backward arches, ensuring great strength, well-balanced elas- 
ticity, evenness of point, and smoothness of execution. One gross in twelve contains a 
Scientific Gold Pen. 

Stimpson's Ink-Retaining Holder. Per dozen . $1.50 

A simple apparatus, which does not get out of order, withholds at a single dip as 
much ink as the pen would otherwise realize from a dozen trips to the Inkstand, which 
it supplies with moderate and easy flow. 

Stimpson's Gold Pen, $3.00 ; with Ink Retainer . $4.50 
Stimpson's Penman's Card 25 

One dozen Steel Pens (assorted points) and Patent Ink-tetaining Pen-holder. - 
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LIBRARY AND MISCELLANEOUS 

PUBLICATIONS. 



TEACHERS' WORKING LIBRARY. 

Object Lessons. Welch. 

This is a complete exposition of the popular modem system of " object-tfeachiuft" 
for teachers of primary classes. 

Theory and Practice of Teaching. Page. 

This volume has, without doubt, been read by two hundred thousand teachers, and 
its p<)pularity remains undiminished, large editions being exhausted yearly. It was 
the pioneer, as it is now the patriarch, of professional works for teachers. 

The Graded School. Wells. 

The proper way to organize graded schools is here illustrated. The author has availed 
himself of the best elements of the several systems prevalent in Boston , New York, 
Philadelphia, Cincinnati, St. Louis, and other cities. 

The Normal. Holbrook. 

Carries a working school on its visit to teachers, showing the most approved methods 
of teaching all the rommon branches, including the technicalities, explanations, demon- 
strations, and definitions introductory and peculiar to each branch. 

School Management. Holbrook. 

Treating of the teacher's qualifications ; how to overcome diflBculties in self and 
others ; organization ; discipline ; methods of inciting diligence and order ; strat^^ 
in management ; object-teaching. 

The Teachers' Institute. Fowle. 

This is a volume of suggestions inspired by the author's experience at institutes, in 
the instruction of young teachers. A tliousand points of interest to this class are most 
satisfactorily dealt with. 

Schools and Schoolmasters. Dickens. 

Appropriate selections from the writings of the great novelist. 

The Metric System. Davies. 

Considered with reference to its general introduction, and embracing the views of 
John Quincy Adams and Sir John Herscliel. 

The Student ; The Educator. Phelps. 2 vols. 
The Discipline of Life. Phelps. 

The authores.s of these works is one of the most distinguished writers on education, 
and they cannot fail to prove a valuable addition to the School and Teachers* Libraries, 
being in a high degree both interesting and instructive. 

Law of Public Schools. Burke. 

By Finley Burke, Counsellor-at-Law. A new volume in " Barnes's Teachers' Library 
Series." 12mo, cloth. 



"Mr. Burke has given us the latest 
expositions of the law on this highly im- 
portant subject I shall cordially com- 
mend his treatise." — Theodore D wight, 
LL.D. 

From the Hon. Joseph M. Beck, Judge of 
Supreme Court, Iowa. 

" I have examined with considerable 
*^uu% the manuscript of * A Treatise on the 



\ 



Law of Public Schools.* by Finley Burke, 
Esq., of Council Blufi^. In my opinion, 
the work will be of great value to school 
teachers and school officers, and to law- 
yers. The subjects treated of are thought- 
fully considered and thoroughly examined, 
and correctly and systematically arranged. 
The style is perspicuous, T\a Vm^js^ ^'sr.- 
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MISCELLANEOUS PUBLICATIONS — Continued. 



able to consider them, are sound. I have 
examined quite a number of the authori- 
ties cited ; they sustain the rules an- 
nounced in the text. Mr. Burke is an able 
and industrious member of the bar of the 
Supreme Court of this State, and has a 
high standing in the profession of the 
law." 

*' I fully concur in the opinion of Judge 
Beck, above expressed." — John F. Dil- 
lon. New York, May, 1880. 

Sioux City, Iowa, May, 1880. 
I have examined the manuscript of 
Finley Burke, Esq. , and find a full citation 
of all the cases and decisions pertaining to 
the school law, occun-ing in the courts of 
the United States. This volume contains 



valuable and important information con> 
cemiug school law, which has never before 
been accessible to either teacher or school 
officer. A. Armstrong, 

Supt, Schools, Sioux City, Iowa. 

Des Moines, May 15, 1880. 
The examination of ** A Treatise on the 
Law of Public Schools," prepared by Fin- 
ley Burke, Esq. , of Council Blufis, has 
given me mucn pleasure. So far as I 
know, there is no work of similar charac- 
ter now in existence. I think such a work 
will be exceedingly useftil to lawyers, 
school officers, and teachers, and I hope 
that it may find its way into their hands. 

G. W. VON COELLN, 

Supt, Public InsL for Iowa. 



Teachers' Handbook. Phelps. 

By William F. Phelps, Principal uf Minnesota State Normal School. Embracing the 
objects, history, organization, and management of teachers' institutes, /ollowed by 
methods of teaching, in detail, for all the fundamental branches. Every young teacher, 
every practical teacher, every experienced teaclier even, needs this book. 



From the New Fork Tribune. 

"The discipline of the school should 

Prepare the child for the discipline of life, 
he country schoolmaster, accordingly, 
holds a position of vital interest to the 
destiny of the rei)ublic, and should neg- 
lect no means for tJie wise and efficient 
discharge of his significant functions. 



This is the key-note of the present excel- 
lent volume. In view of the supreme 
importance of the teacher's calling, Mr. 
Phelps has presented an elaborate system 
of instruction in the elements of learning, 
witli a complete detail of methods and 
processes, illustrated with an abundance 
of ])ractical examples and enforced by 
judicious councils." 



Topical Course of Study. Stone. 

This volume is a compilation from the courses of study of our most successful public 
schools, and the best thought of leading educators. The pupil is enabled to make fuU 
use of any and all text-books bearing on the given topics, and is incited to use all otiier 
information within his reach. 

American Education. Mansfield. 

A treatise on the principles and elements of education, as practised in this coiintTy, 
with ideas towards distinctive republican and Christian education. 

American Institutions. De Tocqueville. 

A valuable index to the genius of our Government. 

Universal Education. Mayhew. 

The subject is approached with the clear, keen perception of one who has observed 
its necessity, and realized its feasibility and expediency alike. The redeeming and 
elevating power of improved common schools constitutes the inspiration of the volume. 

Oral Training Lessons. Barnard. 

The object of this very useful work is to furnish material for instructors to imiuurt 
orally to their classes, in branches not usually taught in common schools, embracing all 
departments of natural science and nmch general knowledge. 

Lectures on Natural History. Chadbourne. 

Affording many themes for oral instruction in this interesting science, especially in 
tohools wher« it is not pursued as a class exercise. 
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MISCELLANBO US PUBUCATIONS — Continued. 

Outlines of Mathematical Science. Davies. 

A manual suggesting the best methods of presenting mathematical instruction on the 
part of the teacher, with that comprehensive view of the whole which is necessary to 
the intelligent treatment of a part, in science. 

Nature and Utility of Mathematics. Davies. 

An elaborate and lucid exposition of the principles which lie at the foundation of 
pure mathematics, with a highly ingenious application of their results to the develop- 
ment of the essential idea of the different brandies of the science. 

Mathematical Dictionary. Davies and Peck. 

This cyclopsodia of mathematical science deflnes, with completeness, precision, and 
accuracy, every technical term ; thus constituting a popular treatise on each branch, 
and a general view of the wliole subject. 

How Not to Teach. Giffin. 

A collection of one hundred things the teacher should not do, with the reasons why. 
Also, an appendix, containing apt quotations for use in schools. 

How to Teach. Giffin. (In press.) 
The Popular Educator. Barnes. 

In seven volumes, containing interesting and profitable educational miscellany. 

Liberal Education of W^omen. Orton. 

Treats of " the demand and the method ; " being a compilation of the best and most 
advanced thought on this subject, by the leading writers and educators in England and 
America. Edited by a professor in Vassar College. 

Education Abroad. Northrop. 

A thorough discussion of the advantages and disadvantages of sending American 
children to Europe to be educated ; also, i)apera on legal prevention of illiteracy, study, 
and health, labor as an educator, and other kindred subjects. 

The Teacher and the Parent. Northend. 

A treatise upon common-school education, designed to lead teachers to view their 
calling in its true light, and to stimulate them to fidelity. 

The Teachers* Assistant. Northend. 

A natural continuation of the author's previous work, more directly calculated for 
daily use in the administration of school discipline and instruction. 

School Government. Jewell. 

Full of advanced ideas on the subject which its title indicates. The criticisms npOn 
current theories of punishment and schemes of administration have excited general 
attention and comment. 

Grammatical Diagrams. Jev^ell. 

The diagram system of teaching grammar ex)>Iained, defended, and improved. The 
curious in literature, the searcher for truth, those interested in new inventions, as well 
as the disciples of Professor Clark, who would see their favorite theory fairly treated, 
all want this book. There are many who would like to be made familiar with this 
system before risking its use in a class. The opportunity is here afforded. 

The Complete Examiner. Stone. 

Consists of a series of questions on every English branch of school and acaderaio 
instruction, with reference to a given page or article of leading text-books where the 
answer may be found in full, ^^pared to aid teachers in securing certificates, pupils 
in preparing for promotion, and teachers in selecting i^vvew Q^<i;»k\tv;^\i^. 
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MISCELLANEOUS PUBLICATIONS — CWei^ited. 

School Amusements. Root. 

To assist teachers in making the school interesting, with hints upon the manage- 
ment of the school-room. Bides for military and gynmastic exercises are included. 
Illustrated by diagrams. 

Institute Lectures. Bates. 

These lectures, originally delivered before institutes, are based upon various topics in 
the departments of mental and moral culture. The volume is calculated to prepare 
the will, awaken the inquiry, and stimulate the thought of the zealous teacher. 

Method of Teachers' Institutes. Bates. 

Sets forth the best method of conducting institutes, with a detailed account of the 
object, organization, plan of instruction, and true theory of education on which such 
instruction should be based. 

History and Progress of Education. 

The systems of education prevailing in all nations and ages, the ^n^^^tl advance to 
the present time, and the bearing of the past upon the present, in tiiis regard, are 
worthy of the careful investigation of all concerned in education. 

Higher Education. Atlas Series. 

A collection of valuable essays. Contents. International Communication by Lan- 
guage, by Philip Gilbert Hamerton ; Reform in Higher Education ; Upper Schools, by 
President James McCosh ; Study of Greek and Latin Classics, by Prof. Charles 
Elliott ; The University System in Italy, by Prof. Angelo de Gubematis, of the 
University of Florence ; Universal Education, by liay Palmer ; Industrial Art Educa- 
tion, by Eaton S. Drone. 



LIBRARY OF LITERATURE. 

Milton's Paradise Lost. (Boyd's Illustrated Edition.) 
Young's Night Thoughts. do. 

Cowper's Task, Table Talk, &c. do. 
Thomson's Seasons. do. 

Pollok's Course of Time. do. 

These works, models of the best and purest literature, are beautiftdly illustrated, and 
notes explain all doubtful meanings. 

Lord Bacon's Essays. (Boyd's Edition.) 

Another grand English classic, affording the highest example of purity in language 
and style. 

The Iliad of Homer. (Translated by Pope.) 

Those who are unable to read this greatest of ancient writers in the original should 
not fail to avail themselves of this standard metrical version. 

Pope's Essay on Man. 

This is a model of pure classic^il English, which should be read, also, by every teacher 
and scholar for the sound thought it contains. 

Improvement of the Mind. Isaac ^Vatts. 

No mental philosophy was ever written which is so comprehensive and practically 
useful to the unlearned as well as learned reader as this well-known book of Watts. 

Milton's Political ^Vorks. Cleveland. 

This is the very best edition of the great poet. It includes a life of the author, 
notes, dissertations on each poem, a faultless text, and is the mly edition of Miltoa 
with ft complete verbal index. 
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Compendium of English Literature. Cleveland. 
English Literature of XlXth Century. Cleveland. 
Compendium of American Literature. Cleveland. 
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LIBRARY OF HISTORY. 
Ancient and Mediaeval Republics. Mann. 

A review of their institutions, and of the causes of their decline and falL ^ 
Henry Mann. 8vo. 584 pages, cloth. 

Outlines of General History. Gilman. 

The number of facts which the author has compressed into these outline sketches is 
really surprising ; the chapters on the Middle Ages and feudalism afford striking ex- 
amples of his power of succinct but comprehensive statement. In his choice of 
representative peiiods and events in the histories of nations he shows very sound Judg- 
ment, and his characterization of conspicuous historical figures is accurate and 
impartial. 

Great Events of History. Collier. 

This celebrated work, edited for American readers by Prof. O. R Willis, gives, in a 
series of pictures, a pleasantly readable and easily remembered view of the Christian 
era. Each chapter is headed by its central point of interest to afford association for the 
mind. Delineations of life and manners at different periods are interwoven. A geo- 
graphical appendix of great value is added. 

History of England. Lancaster. 

An arrangement of the essential facts of English history in the briefest manner 
consistent with clearness. With a fine map. * 

A Critical History of the Civil W^ar. Mahan. 

By AsaMahan, LL.D., author of "Intellectual Philosophy,*' "Elements of Lo^c," 
&c. First president of Oberlin College, Ohio. With an introductory letter by Lieut- 
Gen. M. W. Smith of the British army. Svo. 450 pages. Cloth. 

The plan of this work is to present, not the causes and details of facts which led to 
the war, but the conduct and management of the war on the part of Uiose concerned. 
It is a matter of present and future importance to Americans to know not only how the 
war was conducted, but also how it might have been more successfully carried on. 
The author has made the science of war a subject of careful and protracted study, and 
his views are pronounced and scientific. He takes strong ground, writes with ^^gor, 
and the interest of the reader is fully sustained ft'om the beginning to the close of the 
book. His conclusions have already passed into history, and this work will be regarded 
as one of the most important contributions to the literature of the subject 

Europe under Napoleon First. Alison. 

A history of Europe from 1789 to 1815. By Archibald Alison. Abridged by Edward 
S. Gould. 1 vol. 8vo, with appendix, questions, and maps. 550 pages. 



" It seems to me an excellent abridg- 
ment. . . . Written in clear and chaste 
style, presenting the narrative in exact 
form for the general reader. . . . "—Judge 
Joseph Story. 



*'One of the best abridgments lever 
saw. The material facts are all retained, 
and Mr. Gould has displayed great indus- 
try and skill in preserving the substance 
of so great a history." — Chancellor 
James Kent. 

History of Rome. Ricord. 

An entertaining narrative for the young. Illustrated. Embracing successively, The 
Kings, The Republic, The Empire. 

History of the Ancient Hebrews. Mills. 

The record of "God's people" from the call of Abraham to the destructioii of Jeru- 
salem ; gathered from sources sacred and profane. 

The Mexican V/slt. Mansfield. 

A history of its origin, and a detailed account of its victories ; with oflScial despatches, 
the treaty of peace, and valuable tables. Illustrated. 
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fiarly History of Michigan. Sheldon. 

A work of value and deep interest to the people of the West. Compiled und/v the 
supervision of Hon. Lewis Caaft. Portraits. 

History of Texas. Baker. 

A pithy and interesting resume. Copiously illustrated. The State constitution and 
extracts from the speeches and writings of eminent Texans are appended. 

Magazine of American History. 

8 volumes. Illustrated. A collection of valuable data relating to Americui 
History. 

Points of History. 

For schools and colleges. By John Lord, LL.D., author of "Old Roman World," 
" Modern History," 8m;. 

Barnes's Popular History of the United States. 1 vol. 

This sui»erbly illustrated work is by the author of " Barnes's Brief Histories " (for 
schools). The leading idea is to make American history popular for the masses, and 
especially with the young. The style is therefore life-like and vivid, carrying the 
reader along by the sweep of the story as in a novel, so that when he begins an account 
of an important event he cannot very well lay down the book until he finishes. It is 
complete from the earliest times to date. 

" Barnes's Popular History of the United States " was undertaken at the close of the 
first hundred years of American Independence. The author proposed to give to the 
whole people of the United States and the world a thoroughly impartial history of 
America, from the mound-builders to the present time. As such it was necessary to 
steer free from whatever in recent history would arouse sectional animosity or party 
bitterness. He determined to meet all questions of burning moment in the judicitd 
rather than controversial spirit, and while giving to every event its due importance, he 
would seek to avoid controversy by the gentle word ' ' that turneth away wrath. " The 
work is now finished down to President Arthur's administration. In it the truth of 
American history is impartially given in true historic form, without fear or favor. It is 
a work that all sections of the country can read and enjoy. Although the author is a 
Northern man and soldier, his work is popular and widely used as a text-book East, 
West, North, and South. An Alabama teacher lately wrote as follows : '* We are using 
your history and like it, though it does n*t favor vs rebels. " And so it is liked throughout 
the country, because it does n't favor any side at the expense of truth and justice. 
Instead of being spread out in many volumes, more or less didactic, statistlcfd, or dry, 
the book is complete in one royal 8vo volume of 850 pages, with 14 full-page steel 
engravings and 320 text illustrations on wood, engraved by eminent artists. It is fully 
up to the times and includes an account of President Garfield's brief administration 
and tiugic death. 

Mrs. Martha J. Lan^b's History of New York City. 
2 vols., cloth. 

This is a comiilete survey of the history of New York from early seUlement to the 
present time. It opens with a brief outline of the condition of the Old world prior to 
the settlement of the New, and proceeds to give a careful analysis of the two great 
Dutch Commercial Corporations to which New York owes its origin. It sketches the 
rise and growth of the little colony on Manhattan Island ; describes the Indian wars 
"with which it was afflicted : gives color and life to its Dutch rulers ; paints its subju- 
gation by the English, its after vicissitudes, the Revolution of 1689 ; in short, it leads 
the reader through one continuous chain of events down to the American Revolution. 
Then, gathering up the threads, the author gives an artistic and comprehensive account 
of the progress of the city, in extent, education, culture, literature, art, and x>olitical 
and commercial importance during the last century. Prominent persons are introduced 
in all the ditferent periods, with choice bits of family history, and glimpses of social 
life. The work contains maps of the city in the ditferent decades, and several rare 
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portraits from original paintings, which have never before been engraved. The illus 
trations, abont 320 in number, are all of an interesting and highly artistic character. 

"Widely welcomed both for its abun. 
dant stores of information and the attrac- 
tions of the narrative." — New York 
Tribune. 



•'There is warmths and color and life in 
every passage." — New York Sun. 

"The work has been done faithfully 
and picturesquely. " — The Nation. 



Carrington*s Battles of the Revolution. 

A careful description and analysis of every engagement of the War for Independence, 
with topographical charts prepared from personal surveys by the author, a veteran 
officer of the United States army, and Professor of Military Science in Wabash College. 

Baker's Texas Scrap-Book. 

Comi)rising the hi.story, biography, literature, and miscellany of Texas and its people. 
A valuable collection of material, anecdotical and statistical, which is not to be found 
in any other form. The work is handsomely illustrated. 



DICTIONARIES AND ENCYCLOP>EDIAS. 
Home Cyclopaedia of Literature and Fine Arts. 

Index to terms employed in belles-lettres, philosophy, theology, law, mythology, 
painting, music, sculpture, architecture, and all kindred arts. By Geo. Ripley and 
Chas. A. Dana. 

The Rhyming Dictionary. W^alker. 

A serviceable manual to composers, beiug a complete index of allowable rhymes. 

Dictionary of Synonymes ; or, The Topical Lexicon. 
^Villiams. 

Terms of the English language classijieil by subjects and arranged according to their 
affinities of meaning, with etymologies, deftnitions, and illustrations. A very enter- 
taining and instructive work. 

Hav^aiian Dictionary. 

Mathematical Dictionary. Davies and Peck. 

A thorough compendium of the science, with illustrations and definitions. 

Kvvong's Dictionary. 

A dictionary of English phrases. With illustrative sentences. With collections of 
English and Chinese proverbs, translations of Latin and French phrases, historical 
sketch of the Chinese Empire, a chronological list of the Chinese dynasties, brief 
biographical sketches of Confucius and of Jesus, and complete index. By Kwong Ki 
Chiu, late member of the Chinese Educational Mission in the United States, and for- 
merly principal teacher of English in the Government School at Shanghai, China. 900 
pages, 8vo, cloth. 

From the Hartford Courant. From the New York Nation. 

" The volume shows great industry and ** It will amaze the sand-lot gentry to l>e 

apprehension of our language, and is one informed that this remarkable work will 

of the most curious and interesting of supplement our English dictionaries even 

linguistic works." for native Americans." 



BARNES'S LIBRARY OF BIOGRAPHY. 
The Life of President Garfield, 

From Birth to Presidency, by M^jor J. M, Bundy, editor New York " Evening Mail- 
Expresa. " From Mentor to Elberon, by Col. A. F. Rockwell Oration and Eulogy, by 
Hon. James G. Blaine. 
This life of our martyred President, by M^or Bundy, Mr. Blaine, and Colonel Bockwell, 
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who was with the President before and after the assassination, is the most correct and 
authentic. Major Bundy visited General Garlield at Mentor, by invitation, and received 
all the facts relating to his life to the day of his nomination, from the General'ft lips. 
General Garfield showed his appreciation of it by recommending it to the Republican 
Committee as the book he wished them to circulate. They showed their appreciation 
by circulating many thousands of copies among their speakers and friends, "nie por- 
trait was made under General and Mrs. Garfield's supervision, and gives altogether tiie 
best idea of the man, his face, head, and figure. The history of his life was completed 
by Colonel Rockwell 

The Autobiography of Rev. Chas. G. Finney, 

The revivalist preacher and first president of Oberlin College. With steel portrait. 
Edited by Pres. J. H. Fairchild, of Oberlin. One vol., 12mo, cloth. Dr. Finney 
was the greatest and most successful evangelist of modern times. His labors extended 
not only throughout a large territory in the United States, but in Great Britain and 
Ireland, and he produced a most powerful impression. This memoir describes the 
scenes he passed through in the most vivid language, and covers the entire period of 
his life, from the time of his conversion to the close of his career. 

Memoirs of P. P. Bliss. 

With steel jwrtraitof Mr, and Mrs. Bliss and two children. By Mi^or D. W. Whittle. 
With a complete collection of Mr. Bliss's tunes and hymns, many of which are here 
published for the fii-st time. Containing also contributions by Mr. Moody, Mr. Sankey, 
Dr. Goodwin, and others. 8vo, cloth, ^2.00 ; cloth, gilt edges, !^.50. 

Every one knows the hymns, work, and tragic death of Mr. Blis& This book should 
be on the shelves in every Christian household. 

The Life and Speeches of Henry Clay. 

New edition. Con)i>let.e in one volume. Compiled and edited by Daniel Mallory. 
1,325 pages, 8vo, cloth, steel plates, portraits, and other illustrations. 

This is the best life of Henry Clay. It contains a full sketch of his life and all his 
speeches, — his most important speeches in full and his less important ones in i)art. It 
also contains an epitome of the Compromise Measures, the Obituary Addresses and 
Eulogies by Senators Underwood, Cass, Hunter, Hall, Clemens, Cooper, Jones, of Iowa, 
and Brooke ; and Representatives Breckinridge, Ewing, Caskie, Chandler, of Pennsyl- 
vania, Bay ley, Venable, Haven, Brooks, of New York, Faulkner, of Virginia, Parker, 
Gentry, Bowie, and Walsh. Also the funeral sermon, by the Rev. C. M. Butler, Chap- 
lain of the Senate, and various important correspondence not elsewhere published. 

Henry Clay^s Last Years. Colton. 
Garibaldi's Autobiography. 

From his birth to his retirement at Caprera ; including the most eventfW period of 
his life. Translated from manuscript by Theodore Dwight, author of "A Tour m 
Italy," and "The Roman Republic." Embellished with portrait engraved on steel. 
12mo. 400 pages. 

The Life and Services of Lieut.-Gen. W^infield Scott, 

Including his brilliant achievements in the War of 1812 and in the Mexican War, and 
the part played by him at the opening of the Civil War of 1862. By Edward D. Mans- 
field, LL.D. 12mo, cloth, illustrated. 550 pages. 

Lives of the Signers. Dwight. 

The memory of the noble men who declared our country ftee, at the peril of their own 
" lives, fortunes, and sacred honor," should be embalmed in every American's heul 

Life of Sir Joshua Reynolds. Cunningham. 

A candid, truthful, and appreciative memoir of the great painter, with a compilation 
of his discourses. The volume is a text-book for artists, as well as those who would 
acquire the rudiments of art. With a portrait. 
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Prison Life. 

Interesting biographies of celebrated prisoners and martyrs, designed especially for 
the instruction and cultivation of youth. 

Men of Mark. 

Bryant, Longfellow, Poe, Charles Tennyson Turner, Macaulay, Freeman, Curtius, 
George Tickuor, Sumner, John Stuart Mill. By Edwin P. Whipple, Edward A Freeman, 
and others. 276 pages. 8vo, paper covers. 

The Hero of Cowpens. 

This book presents a complete history of the lives of heroic Daniel Morgan and of 
Benedict Arnold. These Revolutionary characters are viewed in varied lights, and the 
author has produced a most captivating historical sketch, as interesting as a romance. 

Autobiography of Havilah Mowry, Jr. 

A City missionary. 



BARNES'S LIBRARY OF TRAVEL. 

Silliman's Gallop among American Scenery; 

Or, Sketches of American Scenes and Military Adventure. By Augustus E. Silliman. 
S38 pages, 8vo, illustrated. 

It is a moot agreeable volume, and we commend it to the lovers of the " sparkling " 
style of literature. It carries the reader through and past many of the spots, North 
and South, made memorable by events of the Revolution and the War of 1812. 

Texas : the Coming Empire. McDaniel and Taylor. 

Narrative of a two-thousand-mile trip on horseback through the Lone Star State; 
with lively descriptions of people, scenery, and resources. 

Life in the Sandwich Islands. Cheever. 

The " heart of the Pacific, as it was and is," shows most vividly the contrast between 
the depth of degradation and barbarism and the light and liberty of civilization, so 
rapidly realized in these islands under the humanizing influence of the Christian 
religion. Illustrated. 

The Republic of Liberia. Stockv^ell. 

This volume treats of the geography, climate, soil, and productions of this interesting 
country on the coast of Afri(?a, with a history of its early settlement. Our colored 
citizens especially, from whom the founders of the new State went forth, should read 
Mr. Stockwell's account of it It is so arranged as to be available for a school reader, 
and in colored schools is peculiarly appropriate as an instrument of education for the 
young. Liberia is likely to bear an important part in the future of their race. 

Discoveries among the Ruins of Nineveh and 
Babylon. 

With 20 illustrations and a complete index. By Austen H. Layard, M. P. Abridged 
edition. 550 pages, 12mo, cloth. 

Monasteries of the East. 

Embracing descriptions from personal observation of Egypt in I8.S3 ; the Natron 
Lakes, the Convent of the Pulley, the Ruined Monastery at Thebes, the White Monas- 
tery, tho Island of Philoe, &c., Jerusalem, the Monastery of St. Sabba, and the Mon- 
asteries of Metesra, Saint Athos. By Robert Curzou, Jr. 400 page«, 12mo, cloth. 

A Run through Europe. 

By Hon. Erastus C. Benedict late Chancellor of the University of New York. A six 
months' tour through the galleries and capitals of Europe, by a most intelligent observer, 
in the year 1867. 12mo« cloth. 
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Eighteen Months on a Greenland W^haler. 

By Joseph P. Faulkner, an " ex-assistant whale-catcher in an American schooner ," and 
author of other recollections of the sea. 318 pages, 16mo, cloth. 

The Polar Regions ; 

Or, The First Search After Sir John Franklin's Expedition. By Lient Sherard Osbom, 
commanding H. M. S. Pioneer (the first steam vessel that ever penetrated the Northern 
sea). 212 pages, 12mo, cloth. 

St. Petersburg. Jermann. 

Americans are less familiar with the history and social customs of the Russian peo- 
ple than those of any other modem civilized nation. Opportunities such as this book 
affords are not, theiefore, to be neglected. 

Thirteen Months in the Confederate Army. 

The author, a Northern man conscripted into the Confederate service, and rising from 
the ranks by soldierly conduct to positions of responsibility, had remarkable oppor- 
tunities for the acquisition of facts respecting the conduct of the Southern armies, and 
the policy and deeds of their leaders. He participated in many engagements, and his 
book is one of the most exciting narratives of adventure ever published. Mr. Steven- 
son takes no ground as a partisan, but views the whole subject as with the eye of a 
neutral, only interested in subserving the ends of history by the contribution of 
im])arttal facts. Illustrated. 

The Isthmus of Tehauntepec. Anderson. 

8vo, cloth. A history of the Isthmus from earliest times to the present, wVii an 
acc-ount of railroad enterprises and valuable maps and charts. 



BARNES'S RELIGIOUS LIBRARY. 
Ray Palmer's Poetical W^orks. 

An exquisite edition of the comi)lete hymns and other poetical writings of the 
most eminent of American sac^red iK)et8, author of " My Faith Looks up to Thee." 

Formation of Religious Opinions. Palmer. 

Hints for the benefit of young people who have found themselves disturbed by inward 
((uestionings or doubts concerning the Christian faith. 

Nine Lectures on Preaching. Dale. 

By Rev. R. VV. Dale, of EnKhind. Delivered at Yale College. Contents : Perils of Young 
Preachers ; The Intellect in Relation to Preaching ; Reading ; Preparation of Sermons : 
Extemporaneous Preaching ; Evangelistic Preaching ; Pastoral Preaching : Cbnduct 
of Public Worshi]). 

Dale on the Atonement. 

The theory and fact of Christ's atonement profoundly considered. 

The Service of Song. Stacy. 

A treatise on singing, in public and private devotion. Its history, office, and impor- 
tance considered. 

" Remember Me.** Palmer. 

Prei>aration for the Holy Communion. 

Bible Lands Illustrated. 

A pictorial hand-book of the antiquities and modem life of all the sacred countries. 
By Henry C. Fish, D.D. With six hundred engravings and maps, one thousand eluci- 
dated Scripture texts, and two thousand indexed suljects. 8vo, cloth, 900 pages. 
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Poets' Gift of Consolation. 

The Mosaic Account of Creation. 

The Miracle of ToDay : or, New Witneases of the Oneness of Qw 
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Froude's Theological Unrest. (Atlas Series.) 
The History of the English Bible, 

Extending from the earliest Saxon translations to the present Anglo-American Revision. 
With special reference to the Protestant religion and the English language. By Black- 
ford Condit. With steel portrait of Wycliffe. 400 pages. 12mo, cloth. 

This is a consecutive history of all the English versions of the Scriptures and their 
translators, including also the history of Protestantism in England and the growth and 
changes of the English language. 



BARNES'S YOUTH'S LIBRARY. ^ 

Earnest W^ords on True Success in Life. 

Addressed to young men and women. By Ray Palmer. 296 pages, 12mo,'cloia«. 

Ida Norman. 

Two vols, in one. A novel With illustrations. By Mrs. Lincoln Phelps. 482 pages, 
12mo, cloth. 

The Educator ; or, Hours with my Pupils. 

A series of practical hints to young ladies on questions of behavior and education. 
By Mrs. Lincoln Phelps. 364 pages, 12mo, cloth. 

The Student ; or, the Fireside Friend. 

A series of lectures to young ladies, in which the author gives a course of practical 
instruction for home study, including physical, intellectual, social, domestic, and relig- 
ious training. Intended to awalcen in the minds of the young an idea of the impor- 
tance and value of education, and to provide the means of self-instruction. With an 
index. 380 pages, l2mo, cloth. 

Monasteries of the East. * 

Embracing visits to monasteries in the Levant. By the Hon. Robert Curzon, Jr. 
416 pages, 12mo, cloth. 

Life in the Sandv^ich Islands. 

By Rev. Henry T. Cheever. 356 pages, 12mo, cloth. 

Lrives of the Signers. 

Carefully prepared sketches of the lives and careers of the signers of the document 
declaring the independence of the States of America. By N. Dwight. 374 pages, 12mo, 
cloth. 

Discoveries among the Ruins of Nineveh and 
Babylon. 

With travels in Armenia, Kurdistan, and the Desert. Being the result of the second 
expedition undertaken for the trustees of the British Museum. An abridgment. By 
Austen H. Layard, M.P. 550 pages, 12mo, cloth. 

The History of the Jews. 

From the flood to their dispersement. From sources sacred and profane. A most 
excellent work in connection with the study of the Scriptures. Giving a connected 
account of the history and acts of Jbhis chosen people. By Abraham Mills, with colored 
charts, maps, and illustrations. 444 pages, 12mo. 

Johnny Morrow, the Newsboy. 

An autobiography written by the hero when sixteen years of age. 16mo, cloth. A 
plain story of one who represents a class. The writer, although a newsboy and pedler 
of trinkets, is well remembered in New Haven, Conn., and possesses a power and 
maturity of expression quite remarkable. 
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